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ABSTRACT OF DISSERTATION

APPLICATION OF HIGH PERFORMANCE TRAINING
STRATEGIES TO ENHANCE OCCUPATIONAL
READINESS IN LAW ENFORCEMENT CADETS
Law enforcement requires cadets to achieve a requisite level of physical fitness to
prepare for occupational demands. However, there is limited research on the effectiveness
of academy exercise programs to optimize physical fitness and occupational physical
ability through high performance training strategies more typically utilized in elite athletic
populations. Furthermore, there is a paucity of research identifying physical fitness
correlates of occupational performance. Collectively, this information will provide
academies and practitioners with critical information to develop evidence-based training
programs. Therefore, the purposes of this study were to: Aim 1) Examine the effectiveness
of integrating autoregulatory progressive resistance exercise (APRE) and high intensity
interval training (HIIT) to improve upper body strength, aerobic and anaerobic capacity,
and occupational physical ability compared to the academy’s standard training program;
Aim 2) Examine the relationship between physical fitness attributes and occupational
physical ability test (OPAT) outcomes; Aim 3) Examine the utility of implementing session
rating of perceived exertion (sRPE) to monitor cadets’ internal training loads and their
relationship with injury risk. Two law enforcement academy classes were non-randomly
stratified into a standard strength and conditioning program group (control; n=32) and an
experimental group (n=31) that utilized APRE and HIIT training methodologies. Both
groups self-reported sRPE for each resistance training, endurance training, and defensive
tactics session. The training programs were 17-weeks in duration and included the
following fitness and occupational assessments upon entrance, midpoint and exit of the
academy: one repetition maximum (1-RM) bench press, sit-up and push-up repetitions, 300
m shuttle and 1.5 mile run time, and OPAT time. Paired samples t-tests, mixed factor
repeated measures ANOVA, hierarchal linear model growth models, correlation, multiple
linear regression and a regression tree analyses were used in the statistical analyses.
Statistical significance was set at p<0.05. Aim 1: Both groups demonstrated significant
improvements in all fitness outcomes except the OPAT from entrance to exit tests (p<.05).
Despite the improved fitness outcomes, the OPAT time decreased in both groups from
entrance to midpoint, but significantly increased at exit (p<.05), potentially indicating
cadets completed the exit OPAT with submaximal effort. Furthermore, the experimental

group experienced greater improvements in push-up performance compared to the control
group (p<0.001). Although the improvements were similar between groups for the
remaining fitness assessments, the experimental group reported lower sRPE values
(p<0.01), suggesting similar improvements in fitness outcomes at a lower internal load.
Aim 2: 81% of the variance in OPAT time was explained by body mass, 300 m run time,
1-RM bench press and push-up repetitions, suggesting that the academy is using
appropriate fitness tests to develop occupational readiness in cadets. Aim 3: sRPE-derived
parameters were able to distinguish trends in internal training loads from various exercise
modalities that reflect appropriateness of training stimuli and risk of injury. Collectively,
this study demonstrated that high performance training methodologies are feasible to
implement in a law enforcement academy training program and provide practical
alternatives to enhance occupational readiness.
KEYWORDS: Law Enforcement, Cadets, Autoregulatory Training, Occupational
Readiness, Perceived Exertion, Fitness
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CHAPTER 1. INTRODUCTION
Law enforcement is largely a sedentary occupation (2,10,125) interspersed with
infrequent high intensity occupational tasks (2,125) including pursuing, apprehending and
restraining subjects, hand combat, forcible entry, maneuvering through obstacles, and
rescuing individuals (129,130). Despite the infrequent occurrence of intense physical
demands, it is critical that officers achieve and maintain adequate physical fitness to
perform these tasks. Research indicates that diverse physical fitness attributes are related
to the performance of occupational tasks in incumbent law enforcement officers including
cardiorespiratory fitness (6,39,43,62,72,119,130,156), body composition (39,43,119,148),
muscular strength (4,39,62,148), power (43,62,72,119,130), and endurance (4,43,119).
Despite this research among incumbent officers, additional research is warranted to define
these relationships among academy cadets.

To that end, law enforcement officers

participate in training academies as cadets to enhance occupational readiness. There are
approximately 664 state and local law enforcement academies in the United States, which
produce about 45,000 new recruits per year (128).
There is variability in the exercise training programs and physical assessments
utilized by training academies. This variability is due, in part, to the fact that there are no
federal physical fitness and occupational physical ability standards for law enforcement
officers. Furthermore, this variability makes it difficult to ascertain the efficacy of
academy training programs to enhance occupational readiness and to develop an evidencebased approach to cadet preparation on a more global level. Regardless, limited research
has demonstrated that academy training programs are generally effective at improving
various physical fitness parameters in law enforcement cadets (37,42,100,117,171).
1

Additionally, there is evidence of diminishing physiological returns during the later phases
of academy training programs (42,100). Thus, it is critical to evaluate alternative
individualized and periodized training strategies to optimize occupational readiness, fitness
and decrease risk of injury throughout the course of the academy.
Several high performance training methodologies, more commonly used with elite
athletic populations, may be incorporated in an academy training program to optimize
occupational readiness. For instance, individualized high intensity interval training (HIIT)
programs have been found to be a valid and reliable method for improving a variety of
athletic qualities (22), including aerobic performance improvement (117) and reduced risk
of injury in tactical populations (115). However, the utility for this scaled metabolic
conditioning program is largely unknown in a law enforcement population. In addition,
Autoregulatory Progressive Resistance Exercise (APRE) is a resistance training strategy
that modifies the training stimulus on a set-by-set basis to account for differences in
physiological readiness to perform and adapt to stress on a given day (162). APRE has
been found to improve upper body strength over a brief training period in American
football players (98), however its effectiveness in a law enforcement population is
unknown. Finally, session rating of perceived exertion (sRPE) is an inexpensive, valid and
reliable method of monitoring internal training loads in a variety of athletic populations
(58–61). Although there is lack of published research regarding the use of sRPE for cadets
in a law enforcement academy, it may be utilized as a method to quantify training stress
during the academy to guide in the manipulation of training parameters and reduce risk of
injury.

2

Given the importance of optimizing the occupational readiness of 45,000 U.S. law
enforcement cadets each year, it is critical to identify best practices to guide practitioners
in the development of safe and effective training programs. Therefore, the purpose of this
study was to evaluate the feasibility and efficacy of implementing high performance
training methodologies into a law enforcement academy physical training program to
improve physical fitness and occupational physical ability. Specific aims were as follows:
Aim #1: To examine the effectiveness of integrating APRE and HIIT to improve 1-RM
bench press, 300 m run, 1.5 mi run, and occupational physical ability test (OPAT)
outcomes compared to the academy’s standard training program.

Hypothesis #1a: It was hypothesized that a periodized APRE program would increase 1RM bench press in cadets compared to a standard academy resistance training program.

Hypothesis #1b: It was hypothesized that a periodized, scaled HIIT program would
decrease 300 m run and 1.5 mile run times compared to a standard academy training
program.

Hypothesis #1c: It was hypothesized that a combined APRE and HIIT training program
would decrease OPAT time compared to a standard academy training program.

3

Aim #2: To examine the cross-sectional relationship between physical fitness assessment
outcomes and occupational physical ability test (OPAT) completion times.

Hypothesis #2: It was hypothesized that fitness tests (1-RM bench press; sit-ups, 300 m
run, push-ups and 1.5 mile run) utilized in the academy training program would be
correlated to OPAT completion time.

Aim #3: To descriptively profile session rating of perceived exertion (sRPE) outcomes
during an academy training program to monitor training load parameters and assess risk
of injury in cadets.

Hypothesis #3: It was hypothesized that daily collection of sRPE would provide a
subjective measure of training loads for resistance training, aerobic training, defensive
tactics training, and overall training load.

4

1.1

Assumptions and Delimitations

Assumptions
Assumptions of this study include the following:
1. Participants gave maximal effort during physical fitness assessments;
2. Participants in the experimental group gave maximal effort during the APRE and
HIIT training programs;
3. Participants recorded sRPE honestly physical and defensive tactics training;
4. Instructions were followed for all training programs and tests.

Delimitations
The study was delimited to the following:
1. Research personnel were limited in ability to modify certain aspects of the
Academy’s training program due to state regulations;
2. The time of day for which physical training was performed varied;
3. The academy cadet cohort represents a variety of law enforcement agencies, some
of which have additional fitness requirements compared to standard law
enforcement training.

5

1.2

Abbreviations

LEOs

Law Enforcement Officers

CVD

Cardiovascular Disease

RPE

Rating of Perceived Exertion

OPAT

Occupational Physical Ability Test

30-15 IFT

30-15 Intermittent Fitness Test

sRPE

Session RPE

GAS

General Adaptation Syndrome

SFRA

Stimulus-Fatigue-Recovery-Adaptation

HIIT

High Intensity Interval Training

PRE

Progressive Resistance Exercise

DARPE

Daily Adjustable Progressive Resistance Exercise

APRE

Autoregulatory Progressive Resistance Exercise

POPAT

Police Officers Physical Ability Test

VO2max

Maximal Oxygen Consumption

A-VO2diff

Arteriovenous Oxygen Difference

HR

Heart Rate

PARE

Physical Abilities Requirement Evaluation

SWC

Smallest Worthwhile Change

VIFT

Terminal Velocity upon Completion of 30-15 IFT

RoG

Rate of Growth

I.S.

Initial status (baseline performance)

ACWR

Acute To Chronic Workload Ratio

A:C

Acute To Chronic Ratio

A.U.

Arbitrary Units

1-RM

One-repetition maximum
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CHAPTER 2. LITERATURE REVIEW
2.1

Introduction
The purpose of the literature review was to explore several high performance

methodologies and their potential application to law enforcement cadets. The first section
explores the key concepts of adaptation, stress, periodization, followed by an expansive
review of the following high performance training methodologies: scaled resistance
training through Autoregulatory Progressive Resistance Exercise (APRE), session rating
of perceived exertion (sRPE) for monitoring training load, the use of high intensity interval
training (HIIT) via the 30-15 intermittent fitness test (30-15 IFT) to improve aerobic and
anaerobic performance and the use of an occupational ability test to reflect the physical
demands identified within the law enforcement profession.
2.1.1

Adaptation, Stress and Periodization
This section provides an overview of the foundational concepts of adaptation and

stress and their application to exercise training. In 1878, physiologist Claude Bernard
proposed that animals have a complex internal environment, termed “milieu interne”,
which was maintained at a constant level to tolerate changes in the external environment
(32). This concept was further expanded upon by Walter Cannon, who suggested that
maintenance of an organism’s internal environment is a result of complex coordinated
physiological reactions that are specific to each organism.

He termed this concept

“homeostasis” (32). In his 1928 paper, the “Organization for Physiological Homeostasis”,
Walter Cannon described the etymology of homeostasis, “homeo” meaning like or similar
and “stasis” meaning condition (32). Homeostasis refers the stability or steady state of an
organism’s internal environment. When the external environment changes, complex

7

physiological processes occur to maintain the organisms’ steady state. Ultimately, the
concepts of Bernard and Cannon led to work of Hans Selye and his description of the
General Adaption Syndrome (141).
The General Adaptation Syndrome (GAS) was first described by Hans Selye in his
1936 publication “A Syndrome Produced by Diverse Nocuous Agents” (141). In his paper,
he described a common response phenomenon experienced by rats that were subjected to
a variety of “acute nonspecific nocuous agents” (141) such as surgical injury, excessive
muscular exercise or intoxication of various drugs. The first phase of this syndrome was
considered the “general alarm reaction”, or alarm phase (141,142), which occurs 6-48
hours after exposure to a damaging agent and is represented as a systemic response of the
organism which includes a reduction in organ size, increases in edema formation and loss
of muscle tone (142). The second phase, the stage of resistance (142), begins 48 hours
after exposure to the damaging agent and is represented by a variety of hormonal responses
to correct the acute injury. Interestingly, the organism can develop a resistance to the acute
injury, therefore allowing it to adapt to changes in its surroundings (142). As a result of
the adaptation, the organism will reverse the responses of the general alarm reaction stage.
Conversely, if the organism experiences this damaging agent for a period of one to three
months (141), the organism could lose its resistance, allowing the systemic response of the
damaging agent to proliferate, and can ultimately lead to the organism succumbing to the
agent.
Selye postulated that this syndrome can be considered a “general adaptation
syndrome” because the syndrome observed as a general response to a variety of agents of
which he observed through experimentation. Although Selye did not specifically define
8

stress, he did suggest that “anything that causes stress endangers life, unless it is met by
adequate adaptive response” (142) and furthermore “anything that endangers life causes
stress and adaptive responses” (142). Selye suggests that this process of resistance and
adaption is a complex systemic event which is a requirement for life (142). Through the
works of Bernard, Cannon, and Selye, we understand that human physiology has processes
that allows for adaptation and survival in diverse environments.
Stress is an ambiguous term often associated with both positive and negative
connotations. In physiology, stress is used to describe a disruption or potential disturbance
in homeostasis in which a variety of compensatory mechanisms are activated to protect the
organism (68). In the original homeostasis concept, an organism is at homeostasis when in
a “normal state” and deviations from this state would be directly corrected by negativefeedback loops specific to the compromised system (150). However, Sterling and Eyer
(150) suggested that previous research has not shown a singular normal state for any
physiological parameter in an organism, but rather one that fluctuates over time. An
example was given where blood pressure fluctuated greatly throughout a 24-hour period
and several activities, such as sleep, physical activity, and behavioral state, can also
influence it. Moreover, there are complex combinations of physiological activity in
response to a stressor, which involve many organ and body systems. Sterling and Eyer
proposed that in order for an organism to maintain stability (homeostasis), it must “vary all
of the parameters of its internal milieu and match them appropriately to environmental
demands” (150). This concept was named allostasis which means “stability through
change” (150).

9

There are several important facets in the concept of allostasis. First, the response
to stressors are highly individualized. The two factors which determine this are a person’s
perception and interpretation of a situation and the condition of their body (103). Next, for
adaptation to occur, there needs to be a “resetting” of homeostatic regulators in response
to a stressor, to create a new set point and improve the organism’s chance of survival to
that condition (68). Finally, allostatic load represents the negative consequences of chronic
exposure of a stressor by an organism, reducing its ability to adapt, which can ultimately
lead the organism into a disease state (103).
Stress and adaptation are crucial aspects of periodization, a systematic training plan
designed to manage adaptation and fatigue from exercise to optimize athletic performance
(120,159). In general, periodization can be viewed as a template which allows strength and
conditioning specialists to design and implement a detailed exercise plan which combines
multiple methodologies and modalities to best prepare athletes for competitions in their
respective sport. A periodized training program is structured into several nested phases of
various time lengths and is used to manage training volume and intensity (159). The largest
phase, the macrocycle, represents a year or multiyear training plan (74), while mesocycles
and microcycles (2-6 week and 1-2 week phases, respectively) can be referred to as blocks
of training that manage appropriate training stimuli and adequate recovery periods to
optimize adaptations (74,120,173). Moreover, general and specific preparation phases can
be used to reflect progressive changes in training volume and intensity to allow an athlete
to reach peak performance for their competition (159).
The concept of periodization was originally modeled after Selye’s GAS
(35,74,159). The alarm phase represents the overall response from an exercise training
10

session, whereas the resistance phase represents the individuals return to homeostasis or
adaptation from the training stress (i.e. supercompensation). The exhaustion phase occurs
as a result of excessive stress and lack of recovery, placing the individual in an
overstrained, potentially injurious state. This model suggests that the body will respond in
a similar manner regardless of the type of stressor experienced, therefore, the extent and
duration of adaptation is determined by the magnitude and duration of training (35,159).
This concept was further developed into the Stimulus-Fatigue-Recovery-Adaptation
(SFRA) theory. The SFRA theory suggests that the extent of stimulus determines the
amount of fatigue experienced by the individual (74,159). For adaptation to occur, there
must be sufficient, but not necessarily complete, recovery from the training stimuli.
Moreover, if the individual is not exposed to adequate training stimuli, they may experience
a decrease in performance known as detraining or involution (74,159).
There are several limitations of the GAS and SFRA theories which include the
premise that fitness and fatigue share a causal relationship (159) and that there is no
difference between the effect of a training stressor on different physiological responses
(i.e., neuromuscular vs. metabolic) (159). As a result, the Fitness-Fatigue Theory was
developed and is currently the prevailing theory of training adaptations. This theory
suggests that fatigue and fitness are concurrent effects of any training stimuli which can be
summed to represent the individual’s state of preparedness (74,120,159). For positive
adaptation to occur, there needs to be a balance of fatigue recovery strategies and
appropriate training stimuli for elevated preparedness (74). In contrast, low training stimuli
or excessive fatigue could lead to a decrease in preparedness and represent a detraining
effect (74). Furthermore, the Fitness-Fatigue theory suggests that different training stimuli
11

can produce unique training responses known as residual training effects (35,74).
Ultimately, optimizing physical performance is determined by manipulating the structure
of the periodized training plan to achieve positive residual training effects and reduce
fatigue.
Research investigating the use of periodized training plans in law enforcement
cadets is very limited. Cocke et al. (37) evaluated a group of cadets that underwent a
periodized training plan compared to four randomized training groups (RTGs) who utilized
a workout-of-the-day style training during a 6-month police academy training program.
The investigators found that the RTGs experienced greater overall improvement in all
physical fitness outcomes compared to the periodized training group, however there were
several limitations that may have affected these results such as small sample size in the
periodized group, inconsistent results between the RTGs, and importantly, training
intensity and volume were not equated between the groups (37). In contrast, a study by
Vantarakis and coworkers (161) reported that a two month periodized training program
significantly improved musculoskeletal fitness compared to the control group in Naval
Cadets (161). In addition to the potential fitness benefits of periodized programs, these
programs have also been found to reduce injury risk compared with non-periodized training
interventions (37,42).
In summation, stress and adaptation are important concepts which enhance the
understanding of how an organism adapts to its environment. Periodization is a structured,
progressive training method that manipulates training volume, intensity, and specificity
parameters to reduce fatigue and promote optimal training adaptations. There are several
theories that have been used as a model for periodization, with the Fitness-Fatigue Theory
12

being the most prevalent. With regards to law enforcement cadets, periodization has been
shown to improve physical fitness and potentially reduce risk of injury.

2.2

High Performance Methodologies
In a recent investigation by Martinez and Abel (100), the authors retrospectively

evaluated 146 law enforcement cadets’ physical fitness outcomes during a 23-week
program and noted significant improvements in all physical fitness outcomes. However,
there were greater relative improvements in all fitness outcomes during the first half of the
academy training program compared to the second half, indicating initial physiological
adaptation and potentially a lack of sophistication in the training program design.
Moreover, the magnitude of improvements -mile run, 300 m shuttle run, and 1-RM bench
press were considerably less than the push-up and sit-up outcomes. This indicates that the
training emphasis was placed on muscular endurance, but not necessarily aerobic
endurance, anaerobic power, and muscular strength, qualities needed to perform critical
occupational tasks. In athletics, the science of physical preparation and performance
evolved to include new methodologies that allow for an individualized approach applied
to group training (113). Utilization of many of these methods for occupational physical
performance in law enforcement cadets has not yet been explored.
The following sections contains a detailed discussion of the history and application
of each high performance training methodology. Furthermore, physiological adaptations to
strength and endurance training are also be examined. Specific focus was given to literature
pertaining the use of these methods in law enforcement cadets.
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2.3
2.3.1

Autoregulatory Progressive Resistance Training
Progressive Resistance Exercise
In the 1940s, during World War II, Thomas Delorme was a surgeon at the Gardenier

Hospital in Chicago where he observed a large backlog of patients, primarily due to
extensive rehabilitation procedures which could last 6-9 months (158). He observed the
need for a time efficient rehabilitation procedures to free hospital beds to accommodate
incoming injured soldiers (158). Delorme had the idea of using strength training as a
method to restore muscular function from injury, influenced by his personal experience
using strength training during childhood to overcome rheumatic fever (158). The research
he published became seminal works which developed into many of the concepts found in
programming resistance training today.
In his 1945 paper titled “Restoration of Muscle Power by Heavy Resistance
Exercise”, Delorme evaluated the utilization of resistance training for strength
development based on 300 clinical observations. First, Delorme argued that endurance
training performed for high repetitions and low resistance was not appropriate for power
development (i.e., hypertrophy and strength) in atrophied muscle (46,47). Subsequently,
high resistance with low loads was determined to be more appropriate for power
development (46,47). Inadvertently, Delorme also discussed the importance of what we
now know as “specificity”, by stating that endurance training and heavy resistance training
are appropriate to develop those specific goals, however, they are incapable of producing
each other’s results (46). In Delorme’s training intervention, he used a repetition maximum
system to determine weekly training loads, coined the 10 repetition maximum (10-RM).
Additionally, a one repetition maximum was performed to use as a reference for quadriceps
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power (46) and represented maximal volitional effort (49). The initial 10-RM and 1-RM
tests were performed once per week with the remaining session utilizing the 10-RM
workload. Lastly, each session had a volume of 70-100 repetitions, where the weight was
progressively increased until around 80 repetitions, which would represent the 10-RM load.
Ultimately, the results of this investigation showed that heavy resistance training was an
effective method of restoring muscular power. It was also suggested that this power
adaptation could be maintained by performing resistance training exercises one to two
times per week for 15-20 minutes (46).
In 1948, Delorme and Watkins published the “Technics of Progressive Resistance
Exercise” which made some notable modifications to Delorme’s previous work. First,
describing exercises as “heavy resistance exercises” was changed because heavy is a
misnomer which insinuates only to the portion of the exercises are performed maximally.
Instead, the authors adopted “progressive resistance exercise” (PRE) as it correctly
describes the progressive increases in training load each set. The next modification was in
regard to the amount of volume used. Initially, 70-100 repetitions was suggested for
strength development (46,48). The authors found that fewer repetitions (20-30) allowed for
greater training loads to enhance hypertrophy, in a shorter period of time (48). This refined
PRE protocol was utilized to improve knee function in soldiers who experienced femoral
fractures during active duty (49). The results found that the exercise group experienced
significant improvements in knee range of motion and strength in a short period of time
(49). These investigations would be the first of many evaluating the efficacy of PRE.
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2.3.2

DAPRE and APRE
A derivative of PRE was created in 1979 when Kenneth Knight created the Daily

Adjustable Progressive Resistive Exercise (DAPRE) program to allow patients in
rehabilitation to consistently perform resistance exercises maximally (87). The purpose of
creating the DAPRE method stemmed from Knight’s criticism of previous work done by
Delorme (46) in which it was suggested that an individual’s 10RM should be tested each
week in order to program appropriate resistance for that week. Knight proposed that
Delorme’s PRE method does not provide appropriate individualized increases in training
load to allow for progressive increases in strength (87). The DARPE program consists of
four sets of exercises at a variety of loads. The first two sets require the patient to train at
a load of half and three-quarters of the final working load, respectively. The next set is then
performed for a maximum number of repetitions. Next, the lifter uses a table of scaled
loads to adjust the working weight for the fourth set. This process is then repeated for the
fourth set with the final weight adjustment serving as the new working weight for the next
training session. Several published investigations have found DAPRE to be an effective
protocol to improve quadricep strength (3,88,170).
Although DAPRE was created for use in knee rehabilitation (87), a variation of
DARPE known as the Autoregulatory Progressive Resistance Exercise (APRE) protocol,
was developed by Mel Siff with a focus of improving power, hypertrophy and strength in
athletes (162). Autoregulation is a form of periodization which individualizes an athlete’s
training by modifying volume or intensity parameters based on their performance during
that training session (98). The APRE protocol uses the same four set format as the DARPE
protocol, however, it utilizes three different repetition maximum values for each targeted
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training goal: 3-RM for power, 6-RM for strength and hypertrophy and 10-RM for
endurance and hypertrophy (162). Additionally, each variant has a specific load adjustment
table to allow for daily progression and subsequent programming (162).
There is very limited published research evaluating the efficacy and benefits of
APRE. In an investigation by Mann and colleagues (98), the authors compared APRE with
traditional linear periodization in collegiate American football players to improve back
squat and bench press strength. After a six-week intervention, the APRE group experienced
significantly greater improvements in bench press and squat strength compared to the linear
periodization group. While periodization strategizes have been suggested to improve
occupational readiness (37,42), there are no investigations utilizing APRE on law
enforcement cadets. The results by Mann et al. demonstrate its potential usefulness for
improving upper body strength over a short period of time, which could benefit cadets
within the time constraints of the training academy.
In summary, the seminal work on PRE by Delorme (46–49) created the basis for
much of the resistance training programming concepts we use today. Further refinement
of the PRE led to development of the DARPE protocol that Knight used for patients
undergoing knee rehabilitation (87). Mel Siff (162) then adapted the DARPE protocol for
use in healthy populations and renamed it APRE.

Although there are very few

investigations on the efficacy and benefits of APRE, Mann et al. (98) found that it was
effective at improving upper body strength in a short period of time in collegiate football
athletes.

No research regarding the use of APRE has been conducted in the law

enforcement population, however, it may be an effective tool for improving strength in law
enforcement cadets during their basic academy training.
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2.3.3

Physiological Adaptations to Resistance Training
This portion of the review will briefly address the primary adaptations of resistance

training. The complex structure of muscle facilitates force production and subsequently,
body movement. Muscle exists in a hierarchal structure consisting of muscle fascicles,
muscular fibers, myofibrils and sarcomeres. The sarcomere is the basic contractile unit of
muscle and contains several myofilaments essential for muscular contractions which
includes actin, myosin and titin (57,74). The prevalent theory for concentric contraction is
known as the cross bridge cycling theory. Excitation of a muscle fiber results in a
downstream of processes that ultimately allow calcium release from the sarcoplasmic
reticulum into the sarcomeres (20). Calcium, in addition to the hydrolysis of ATP, allows
for actin and myosin interaction which results in a power stroke and subsequent overlap of
actin and myosin, shortening the length of the sarcomeres (20). Finer, Simmons and
Spudlch (57) observed that during isometric conditions, 3-4 piconewtons of force is
produced by a single myosin.
Some of force generating capabilities of muscle have been associated to its cross
sectional area (CSA) which directly relates to a combination of sarcomeres in series and in
parallel (168). When sarcomeres are increased in series, it creates longer muscle fiber
lengths, produces more force, increases contractile velocity, muscular power, and range of
motion (28,168). Eccentric resistance exercise has been found to increase sarcomeres in
series (168). In contrast, sarcomeres in parallel are generally associated with direct
increases in muscular CSA (168), known as muscular hypertrophy. It has been observed
that protein synthesis mechanisms begin approximately four hours after a resistance
training stimulus (63,168). Muscular hypertrophy is associated with increases in the
18

contractile machinery which subsequently allow a muscle to produce more force (168).
Another muscular adaptation associated with hypertrophy (via sarcomeres in parallel) is
the increased pennation angle of the muscle (168). Pennation angle refer to orientation of
muscle fibers in relation to the muscle’s points of origin and insertion (74). It has been
observed that muscular hypertrophy increases pennation angles (86), however, it is also
associated with reduced muscular force production per CSA (85). As a result, when
developing

maximal

muscular

force

production,

hypertrophy-focused

training

methodologies should be incorporated cautiously (85).
An additional factor that influences muscular force production are muscle fiber
types, also known as myosin isoforms. There are three commonly expressed isoforms in
humans, type I, type IIa and type IIx. Type I are represented as smaller fibers that do not
produce large amounts of force and are fatigue resistant. In contrast, type IIx fibers are
larger, produce more force and are fatigable. Type IIa fibers exhibit a combination of type
I and IIx fibers, where they produce more force than type I and are more fatigue resistance
compared to type IIx. There is evidence that resistance training can lead to hypertrophy in
all three fiber types, with type I fibers experiencing the smallest growth and type IIx/IIa
experiencing the largest (51,149). Additionally, resistance training has shown to cause fiber
type transitions type IIx to type IIa (149). Lastly, genetic disposition of fiber types could
influence athletic performances where type IIa/IIx is preferable for success in power event
and type I fibers are preferable to endurance events (74,121).
Another important aspect essential to muscle function and adaptation is the
contribution of the nervous system. For muscle action to occur, an action potential
propagates from central nervous system to a specialized interface between the motor
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neuron and muscle called the neuromuscular junction (74). Here, the action potential
depolarizes the terminal axon which releases the neurotransmitter acetylcholine which
binds to its receptors on the post-synaptic endplate on the muscle fiber (20). When
sufficient acetylcholine has been bound, the muscle fiber depolarizes, allowing muscular
contraction to occur. This system, which includes motor neuron and all the muscle fibers
it innervates, is called the motor unit.
Resistance training has been shown to induce positive adaptations in several
aspects of motor unit function. Motor unit recruitment is guided by the Hennemen’s size
principle (78) where smaller motor units are first recruited and as more force is required,
larger motor units are recruited for the task (20). In relation to the specific muscle fiber
types, the order of recruitment is as follows: I>IIa>IIx (135). Resistance trained
individuals are able to achieve greater motor unit activation compared to their untrained
counter parts (135). Other observed adaptations are increased motor unit synchronization,
which has been shown to increase co-activation of additional muscles (143) and increased
motor unit firing rates (i.e., rate coding), both of which increase force production (53).
Adaptations to the neural components of muscular activity have been found to account
for strength improvements in the first 4-6 weeks of resistance training, whereas muscular
hypertrophy is responsible for strength improvements after 6 weeks of training (63).

2.4
2.4.1

Perceived Exertion
Rating of Perceived Exertion
In physical performance, perception cues can be a primary source of information

which allows us to regulate the work intensity of a given task (13). These cues can manifest
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as a variety of feelings of exertion and/or fatigue which include muscle pain, shortness of
breath and increased heart rate (13). Ultimately, what we perceive exertion is a systemic
collection of physiological signals and responses which include feedback from the muscles,
joints, respiratory and central nervous systems subjectively experienced through a physical
activities (14).
Gunnar A. V. Borg pioneered perception research with the goal of determining how
to measure perception of physical stress. Specifically, he focused on psychophysics, a
scientific field which investigates how “the intensity of the perception grows with physical
intensity” (13). The direct relationship between human perception and physical intensity is
not easily defined. In a hypothetical example by Borg (14), they conducted an experiment
where an individual drove at 50 mi·hr-1 and was then asked to drive at what they perceived
to be half as fast. When the person slows down to what they perceive 50% of 50 mi·hr-1,
however, the objective measure of the car’s speed was 35 mi·hr-1. This suggests that human
perception of intensity cannot be directly compared with a concurrent objective measure
of intensity, however the relationship could be defined using other mathematical
techniques.
Early perception research utilized ratio scaling and power functions to measure
perceived intensities (13,14,16). Ratio-scaling utilizes a numbered system which featured
an absolute zero and the subsequent values were equidistant (14). Power functions were
used to describe perception variety found with physical intensity (13,16). A common
equation developed to describe variations in both perceptual and physical intensity is as
follows: R=arc(S-b)n, where “R” is the response in intensity, “a” and “b” are constants
representing absolute zero, “S” is the intensity of the stimulus, “c” is a measure constant
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and “n” is the exponent (13,14,16). A variety of exponents have been found to represent
response intensities with 1.6 being a common value representing handgrip strength
(14,151), cycling (15), and running (15). A major drawback of ratio-scales and power
functions is the difficulty in comparing results as the values equated are relative to the
subject and has no direct comparison to the results of another individual.
To overcome the challenges for allowing inter-individual comparisons (14), Borg
developed a rank-order category scale with verbal/descriptive anchors that represented
subjective intensity (14). Although the scale’s values would not directly represent objective
values of any given activity (14), it could be utilized in for variety of applications. In 1962,
Borg developed the scale that would become synonymous with measures of perception,
known as the Ratings of Perceived Exertion (RPE) Scale (12–14). The RPE scale had a
total of fifteen values with verbal anchors attached to a majority of the values. The lowest
value “6” was associated with “No exertion at all”, whereas “20” was associated with
“Maximal Exertion” (16).
One problem that Borg experienced validating the RPE scale was determining a
physiological variable in which its value increases with increased intensity (13). Borg
found that absolute heart rate (HR) was highly correlated with RPE (r=.85) as work
intensity increased from low to high on the cycle ergometer (13). Another important facet
of this RPE scale was that it also provided an expedited way to subjectively determine heart
rate by multiplying the RPE value by 10 (13). For example, an RPE of “10” would
represent a heart rate of approximately 100 b·min-1. Although the original RPE scale was
developed and validated for healthy middle-aged men on a cycle ergometer (12,13), it has
been tested for use with other modalities (i.e., walking, running, isometric muscular work,
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arm ergometry and resistance training (13) as well as become a model for development of
future perception scales.
In considering other physiological variables that could be used with RPE, it was
found that any variables that conform with linear increases with exercise intensity could be
utilized (i.e., heart rate, oxygen consumption (13)). Moreover, variables such as blood
lactate, experience a curvilinear increase with exercise intensity (114) and are not
represented appropriately by the RPE scale. When Borg investigated the used of the RPE
scale with blood lactate, he found that the blood lactate variables increased approximately
three times more per unit at the higher values of 16 and 17 than at the lower RPE values
(12,114). This would prompt Borg to develop a new eleven point category-ratio (CR-10)
psychophysical scale that could be used with non-linear physiological responses (114).
Similar to Borg’s RPE scale, the CR-10 contains an absolute zero and values with
verbal anchors, however, the scale would range from 0 to 10 instead of 6-20 and would
represent an positively accelerated function (i.e., the slope increases as the value increases)
(114). To test the reliability and validity of this new scale, he performed an experiment to
determine the relationship between his new RPE scale and heart rate, blood and muscle
lactate (114). Ten subjects performed an incremental cycle ergometer test, starting at no
load and increasing 50W every four minutes until voluntary exhaustion occurred. During
the last thirty seconds of each stage, heart rate, RPE, blood lactate (through a fingertip
sample) and muscle lactate (through muscle biopsy) was taken. The results showed that
blood and muscle lactate increased with increased power output (r = 0.9973 and r = 0.9989
respectively) when expressed as a quadratic function of power output. Borg concluded that
the CR-10 scale paralleled blood and muscle lactate values with increased physical
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intensity and therefore could represent lactate response in exercise (114). In subsequent
investigations by Borg et al., they found strong correlations between perceived exertion
versus measures of blood lactate and heart rate (15,17,18) and aches and pains of the legs
(17,18) during cycle ergometery (15,18) and arm ergometer exercise (17).
2.4.2

Session RPE
A variation of the CR-10 scale, known as session RPE (sRPE), was initially

developed as method to measure training load. Foster et al. (61) utilized a training impulse
calculation to determine the effect of training load on running performance and
physiological indices such as blood lactate. The training impulse calculation was developed
by Banister et al. (61) by which training intensity, measured through continuous heart rate
monitoring, is multiplied by training duration and equates to the impulse score. Although
heart rate was generally utilized as a measure of training intensity for cardiovascular
exercise, Foster and coworkers (61) determined that collecting heart rate information for
their large sample of subjects would be difficult. Subsequently, the authors chose RPE for
their measure of intensity for two reasons.
First, as previously addressed, the original RPE scale was developed and had a
positive correlation (r = 0.85) with heart rate (12,13). Additionally, the CR-10 RPE was
validated to represent increases in heart rate (15,18) and blood lactate (15,17,18,114) in
cardiovascular exercise. Secondly, through pilot testing, Foster et al. (61) determined that
the newly termed sRPE had a relationship with time spent at different blood lactate zones
(<2.5 mmol·dL-1, 2.5-4 mmol·dL-1, and >4.0 mmol·dL-1, respectively) during thirty
minutes of steady state running exercise. The authors ultimately concluded that sRPE could
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be used to control training intensity based on its observed relationships with heart rate,
blood lactate and exercise intensity (61).
To implement sRPE, the authors asked the subjects “How was your workout?”
based on the modified CR-10 RPE scale, thirty minutes after the completion of the training
session (60,61,79). It was noted that waiting thirty minutes post training prevented the final
intensity (whether high or low) experienced by the subject, to not skew their perception of
intensity for the entirety of the training session (60). The sRPE could then be multiplied by
the duration of the training session to determine training load. Although the Foster et al.
(61) study did not discuss sRPE further than its implementation in their experiment, its
potential as a way of measuring training load became apparent and would be soon be
further investigated. One such study by Foster et al. (59) examined if there was a qualitative
relationship between athletic performance in running, cycling and speed skating and sRPE
training load. After six weeks of training utilizing sRPE to monitor training load with selfselected increases in training intensity, there was an 11% increase in weekly training load
with a subsequent decrease of an average of 2.2% in time trial performance (59). Based on
these results, the authors’ concluded that training load via sRPE could be a viable
alternative to measure athletic performance.
Session RPE has also been investigated to monitor overtraining syndrome in
athletes. Carl Foster (58) evaluated the relationship between the incidence of minor illness
and various sRPE-derived metrics including training load, monotony and strain. Training
monotony represents the variability of training loads within a week and is calculated as the
average daily training load divided by the standard deviation of the average training load
(58,104) .If the daily training load is consistently high each day of a given week, there
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would be high training monotony. In contrast, alternating high and low daily training loads
will produce lower training monotony scores. Training strain refers to potential negative
adaptations from training as a result of excess training volume or intensity (58,104) and is
calculated as the product of a weekly training load and training monotony. Specifically,
the investigation had twenty-five competitive athletes record sRPE, training duration, and
any incidence of illness recorded during each training session for a period ranging from six
months to three years. The results showed that 84% of illness could be explained by a
training load greater that an individualized training threshold (58). Similarly, 77% and
89% of illnesses could be attributed to an increase in training monotony or training strain,
respectively. Foster concluded that calculations derived from sRPE could potentially be a
valid method of representing factors related to overtraining in athletes. An example of a
strategy to prevent overtraining through training load, monotony and strain is to alternate
the intensity of the training days (i.e., hard vs. easy) to allow for a balanced load
management approach (40,58). While these metrics have been utilized in sports such as
rugby (40,166), tennis (69), cycling (45) and cross country skiing (152), there is no research
regarding its use in tactical populations.
A secondary aim of the Foster (58) investigation was to determine the general
validity of sRPE with heart rate training zone scores. The heart rate training zone method,
developed by Sally Edwards (58) multiplies the duration a person exercises at specific heart
rate zone (in fractional minutes) by an associated value (1-5) used to represent the intensity
of that specific zone. For example, a heart rate zone which represented 50-60 b·min-1 had
a value of 1 while a heart rate zone of 60-70 b·min-1 had a value of 2. The cumulative sum
of all the heart rate zone scores of a given training session represented that session’s
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training intensity (58). Foster (58) compared sRPE training loads concurrently with the
heart rate training zone scores and found a correlations ranging from r = 0.75 – r = 0.90 for
the seven subjects tested. Foster concluded that sRPE could be a valid method to quantify
a training session without the use of external devices.
To further expand on the utility of sRPE, Foster et al. (60) evaluated its use as a
potential method to monitor high intensity training as a majority of the previous
investigations utilized steady state cardiovascular training (58,59,61). The authors found
that sRPE can provide a subjective estimate of training load with non-steady state activities
such as high intensity training and team sport (60). Additionally, it has a positive
correlation with heart rate zone scores, however the measures were not interchangeable
(60). Moreover, while sRPE does not provide specific, objective information of training
intensity or load, it is an easy method to utilize and does not require “the knowledge of
maximum exercise responses (e.g., HRpeak) to anchor the monitoring method” ((60); p114).
In 2006, more than a decade since the creation of sRPE, Herman et al. intensity (79)
evaluated its validity and reliability to monitor exercise training. Session RPE was found
to have respectable test-retest reliability (r = 0.78) and validity against several objective
measures of exercise intensity such as %VO2peak (r2 = 0.76), %HRpeak (r2 = 0.74) and
%HRreserve (r2 = 0.71) (79). In addition, it was observed that sRPE had weaker relationships
at high exercise intensities compared with an objective measure of exercise intensity (79).
Overall, Herman et al. (79) concluded that sRPE demonstrated adequate test-retest
reliability on repeated performances as well its validity in measuring exercise intensity.
Although the authors experienced inaccuracies of the sRPE at higher exercise intensity
(where sRPE was maximum but the objective measures of exercise were not), it was
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discussed that similar occurrences can be observed in other internal load monitoring
methods (i.e., heart rate monitor-based) and remains to be a fundamental problem
experienced when monitoring exercise intensity (79).
Although Foster (60) suggested that sRPE could be utilized to measure anaerobic
performance, there were no specific data regarding the relationship of sRPE with resistance
exercise. Day et al. (44) investigated the reliability of sRPE to measure intensity of
resistance training and found that there was a correlation of r=0.88 between the two
variables (44). In a subsequent study by Sweet et al. (153), the authors found higher values
of sRPE were related to higher percentages of 1-RM, despite changes in total work
performed. Furthermore, Egan et al. (52) demonstrated that the resistance training mode
could also influence the RPE rating independent of the load used. The authors’
investigation compared super slow training (consisting of a 10 second eccentric and 10
second concentric motion for each repetition) at 55% 1-RM with a traditional resistance
training at 80% 1-RM. Both training modes utilized 6 sets of 6 repetitions, and found that
super slow training experienced higher sRPE values (52).
Singh et al. (145) experienced similar results where strength and hypertrophy
protocols produced higher sRPE values compared to power training. It was suggested that
the differences in perception of intensity may be due to lack of fatigue from the power
protocol. Evidence of this mechanism was suggested by Linnamo et al. (90) who found
that explosive exercise utilizes the neuromuscular system for performance and does not
produce significant fatigue. Another factor that may influence sRPE values with resistance
training is training volume. Pritchett et al. (122) found that there was higher RPE values
reported at the lower intensity resistance training when greater volume (more total work)
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was performed. Additionally, the authors observed a positive correlation between total
work and sRPE where total work explained 85% of the variance in session RPE (r2 = 0.85,
p = 0.029) (122). Hiscock, Dawson and Peeling (80) conducted a comprehensive
investigation regarding the influence of resistance training parameters on sRPE. The
authors found that if volume (measured as tonnage) and rest between sets remained the
same, training intensity would be a principle determinant of sRPE (80). In contrast, when
performing exercise to volitional fatigue, sRPE should be similar regardless of the training
intensity and the rest periods observed. Lastly, the authors found that measuring sRPE 15
minutes after completion of an exercise protocol was not significantly different from
session RPE measured after 30 minutes, suggesting that measurements at that either time
point is adequate (80).
2.4.3

Acute to Chronic Workload Ratio
Recently, there has been an increase in research evaluating training load monitoring

applications. One such method known as the acute to chronic workload ratio (ACWR), is
based on Bannister’s pioneering research on modelling human performance (30,71).
ACWR utilizes either rolling averages or exponentially weighted moving-averages (71) of
acute (current workload and potential fatigue experienced by an individual (82) and chronic
(i.e., fitness of the individual) (82) training loads to create a dynamic index of athletic
preparedness (71,96). Training load measurements can be classified into two groups,
internal and external training load. Internal training loads reflect physiological and
psychological stressors experienced in training or competition and typical measurements
include heart rate and session RPE (19,71). In contrast, external training loads reflect
various measures of work performed in training or competition and typical measurements
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include power output and GPS data (19,71). Another important aspect of ACWR is the
time period used for its calculation. Most commonly a seven to twenty-eight day acute to
chronic ratio has been utilized in research, however many different ratios have been
explored (71).
The current state of research utilizing ACWR is in refinement of its application as
well as evaluating its association to potential injury sustained in team sports (71). For the
purpose of this review, publications that focused on using sRPE for ACWR measurements
were assessed. Gabbett (64) found that higher training loads were associated with greater
non-contact, soft tissue injury rates in rugby players. In addition, Hulin et al. (82) found
that when the acute workload was lower than or similar to the chronic workload (acute to
chronic ratio (A:C) <0.99), there was a 4% likelihood of injury the following week in fast
cricket bowlers. Furthermore, if A:C >1.5 the risk of injury was 2-4 times greater in the
subsequent week (82).
Interestingly, the authors also observed a decreased injury risk in players who
produced high workloads over a chronic period of time (82), indicative of a protective
effect against injury in individuals with a higher training status. In a 2016 study, Hulin et
al. (82) evaluated the use of ACWR to predict injury in rugby players and found that an
A:C>2.11 presented the greatest risk of time-loss injuries in the current week (16.7%) and
subsequent week (11.8%). Moreover, very high chronic workloads and a 2-week ACWR
average presented the greatest risk of injury (83). In a clinical analysis, Blanch and Gabbett
(9) assessed sRPE-based ACWR data from the sports of cricket, rugby and Australian
football. They found that an A:C of 0.8-1.3 was associated with a reduced likelihood of
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injury whereas an A:C of >1.5 was associated with a significant increase in risk of injury
(9,65).
Interestingly, each sport appears to have different ACWR ranges associated with
injury. Malone et al. (96) found that elite soccer players who had in-season A:C>1.0 <1.25 had a significantly lower risk of injury when compared to players who had an A:C
of <0.85. Similarly, Malone et al. (97) found that in-season Gaelic football players with
an A:C >1.35-1.5 had a lower risk of injury compared to players with an A:C <1.0.
Moreover, players with an A:C >2.0 had significantly higher risk of injury (65,97). As
previously mentioned, there are different ACWR ratios that can be used for analysis.
McCall et al. (102) found than A:C ratios of 1:3 and 1:4 were associated with non-contact
injury (p<0.05) in soccer players. Furthermore, when using a 7 to 28 day ratio, an A:C
0.97-1.38 was associated with greater risk of injury compared to an A:C <0.97. Similarly,
when using a 7 day to 21 day ratio, an A:C >1.47 was associated with a greater risk of
injury when compared to an A:C <0.97. While it has been suggested that utilizing both
internal and external load measures will allow for superior training load monitoring (71),
it is not always feasible. Although a low-cost method such as sRPE is valid, reliable, and
easy to implement, it has several limitations. It requires an honest assessment of effort from
players and this method is unable to differentiate between long-low intensity and shorthigh intensity workouts (102).
In summary, sRPE appears to be a valid and reliable method for monitoring
resistance (44,52,79,80,122,145) and cardiovascular (58–61) training loads. Additionally,
there is evidence that sRPE could be utilized to detect overtraining syndrome through the
use of training loads, monotony and strain (58,104). Furthermore, sRPE-based ACWR has
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found to be associated with risk of injury in team sports (9,64,71,82,83,96,97,102). There
are several limitations that have been described by the authors investigating the use of
sRPE. First, sRPE does not directly relate to the specific intensity utilized in training
(52,60,145). Next, sRPE may not accurately represent high intensity activity especially
when simultaneously compared to an objective measure of the activity (79). Lastly,
although sRPE can be utilized with resistance training, volume (80,122), intensity (80,122)
and mode of exercise (52,145) can influence sRPE values and should be taken into
consideration when utilizing sRPE in programming.
While there are no known investigations utilizing session RPE to monitor training
loads in law enforcement populations, Canino et al. (31) found sRPE to be an alternative
method to measure aerobic performance during soldiering tasks in the U.S. Army.
Although the physical training programs in law enforcement academies vary greatly in the
United States, utilizing session RPE to monitor training loads may be beneficial to quantify
both physical and defensive tactics training and allow for improved programming for
increased performance outcomes and injury prevention.

2.5

30-15 Intermittent Fitness Test for High Intensity Interval Training
The 30-15 Intermittent Fitness Test (30-15 IFT) was designed by Martin Buchheit

(23) to elicit physiological responses and sport specific demands commonly found in team
sports. These qualities include aerobic performance, acceleration, deceleration, change of
direction ability, anaerobic power development and recovery ability between exercise
bouts (23,24). The protocol consists of 30 s shuttle runs followed by 15 s of active recovery,
and can be performed over a distances of 28 m or 40 m, on a 400 m track or in an ice rink
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(23,24,139). The shuttle runs occur at increasing speeds which are guided by an audio file
(24,139). Upon completion of the 30-15 IFT, the athletes receive a VIFT score which
represents the velocity at the completion of the test (23,24). The VIFT is then used to create
individualized run-based high-intensity interval training programs (24).
The use of velocity to as a measure of physical fitness is an important concept
within the development of the 30-15 IFT. While VO2max is widely accepted as a measure
of cardiovascular fitness, it does not fully represent performances of intermittent activities
(23). Velocities at which VO2max is achieved is considered critical speed and can be used
to measure maximal aerobic capacity (7). Furthermore, end-test velocity, the velocity
achieved at the end of a graded exercise protocol, can be considered a “composite velocity”,
which represents both aerobic and anaerobic contributions to test performance (23), and
can occur after VO2max was achieved. In regard to the 30-15 IFT, the VIFT represents the
end-test velocity. Correlational data between VIFT and the following variables appear to
support Buchhiet’s rationale of the 30-15 IFT measuring a variety of athletic qualities:
VO2max (r = 0.68) (22), 10 m sprint (r = 0.63) (22), countermovement jump height (r = 0.65)
(22) inter-effort heart rate recovery (r=0.47) (22), and performance on repeated sprint test
(r = 0.88) (23).
There have been several studies regarding the validity and reliability of the 30-15
IFT within different populations. Buchheit et al. (26) found that the 30-15 IFT VIFT was
significantly correlated with VO2peak and VCO2peak from a continuous incremental exercise
test (r = 0.76, p = 0.001 and r = 0.77, p = 0.001, respectively) in male team sports players
(basketball, soccer or handball). A Bland-Altman analysis of VO2peak and HRpeak between
the two modes of testing found adequate levels of agreement, despite a large amount of
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variability (26). Additionally, the 30-15 IFT yielded greater values for peak breathing
frequency, minute ventilation, carbon dioxide production and blood lactate compared to
the continuous test (26). The authors suggested that the discontinuous nature of the protocol
along with the acceleration, deceleration and change of direction motions required to
complete the protocol, elicited higher ventilatory patterns (26).
Bruce and Moule (21) observed a significant relationship between the VIFT obtained
from the 30-15 IFT and a similar shuttle protocol, the Yo-Yo Intermittent Recovery Test
in sub-elite female Netball athletes (21). Additionally, the 30-15 IFT VIFT demonstrated
adequate test-retest reliability (ICC = 0.84, p < 0.001; (21). Covic et al. (41) examined the
validity, reliability and utility of the 30-15 IFT in female soccer players. The authors
observed significant correlations between VO2max (r = 0.67, p = 0.013), HRpeak (r = 0.77, p
= 0.02) and end running velocity (r = 0.67, p = 0.013) between the 30-15 IFT and a
continuous lab-based graded exercise test (41). Moreover, Covic et al. (41) noted adequate
test-retest outcomes (ICC = .91-.94) for VIFT, HRpeak, and VO2max, from the 30-15 IFT.
VO2max was estimated in this investigation using an equation developed by Buchheit
utilizing VIFT data. Lastly, a smallest worthwhile change value of 1 stage of the VIFT was
observed. The smallest worthwhile change (SWC) determines the minimal threshold of
change needed to observe a “true” change in performance (160). Several investigations
evaluated the reliability and usefulness (determined by SWC) in a variety of team sports.
A stage of the VIFT represents a change in speed of 0.5 km·hr-1 (22,23) and is used to
represent SWC in 30-15 IFT investigations. Valladares-Rodriguez et al. found VIFT and
HRpeak observed from the 30-15 IFT was reliable in male (ICC= 0.92, 0.91) and female
(ICC = 0.91, 0.91) professional futsal players, respectively (160). The authors also found
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that male futsal athletes have a SWC of at least 2 stages while female futsal athletes need
a SWC of 1 stage for performance improvement (160). Thomas et al. (155) found the VIFT
to have a test-retest reliability of ICC=0.80 and a SWC of two stages in male semi
profession soccer players. Finally, Scott et al. (140) reported acceptable levels of VIFT
reliability (ICC=0.83-0.94) and a SWC of 1 stage in rugby athletes.
Research utilizing the 30-15 IFT in populations outside of team sports, such as law
enforcement, is very limited. As stated earlier, one of the concepts of the 30-15IFT is that
the resultant VIFT represents a variety of physical attributes (23), some of which also reflect
attributes needed in police officers (129). For example, the 300 m shuttle run is one of the
Cooper Fitness Tests that can be used to evaluate anaerobic power in law enforcement
cadets (154). Subsequently, a study by Scott et al. (139) found that 67% of the variance in
VIFT can be explained by the 300m sprint performance and repeated sprint ability. It can be
inferred that the 30-15 IFT could have some potential application in the law enforcement
profession.
The potential utility of the 30-15 IFT for implementation with police recruits has
been evaluated by several authors. Orr et al. (115) found that the 30-5 IFT can predict
injury in law enforcement cadets. Specifically, if a cadet achieved a score of below 16 on
the VIFT, they would more likely sustain an injury during training in the academy. One
instance of the using the 30-15 IFT for programming in police recruits was reported by Orr,
Ford and Sterli (117). The authors programmed an ability-based training (ABT)
intervention (using VIFT-derived shuttle runs) that was completed once a week over a 10week period. Subsequently, this investigation found no significant differences in aerobic
fitness improvements between using the ABT compared with a general running program,
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however, there were lower running volume and reported injuries in the ABT group (117).
Overall, these results suggest the potential utility of the 30-15 IFT for testing and
programming in police recruits.
In summary, the 30-15 IFT appears to be a valid and reliable method for measuring
a variety of cardiovascular and physical attributes (23). When using the resultant VIFT, one
can program individualized interval based shuttle run programs and can generally expect
significant changes in performance with a change of 1 stage (140,160). Furthermore, there
is evidence that the 30-15 IFT can be utilized with tactical populations for performance
enhancement (117) and potentially reduce risk of injury (115).
2.5.1

Physiological Adaptations to Endurance Training
This section will briefly review the primary cardiovascular adaptations to

endurance training. The cardiovascular and respiratory systems represent a complex
network of organ systems working in concert to supply nutrients and remove waste
products throughout the body (74). There are several important variables which reflect the
status of the cardiovascular system. The most prevalent indicator of cardiovascular
function is maximum oxygen consumption, VO2max (L·min-1), which can be normalized by
body mass (kg) to allow for inter-individual comparisons. VO2max is calculated by
multiplying cardiac output by the arteriovenous oxygen difference (A-VO2diff) (89). The
A-VO2diff represents the sum of oxygen that transported by blood to and consumed by
tissue (89). Cardiac output represents the amount of blood is ejected through the heart per
minute (56). Furthermore, cardiac output is derived by multiplying heart rate by stroke
volume. Stroke volume represents the amount of blood ejected during each beat and
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represents the difference between the volume of blood in the left ventricle at the end of the
filling phase (diastole) and the end of ejection (systole) (89).
Endurance training has been shown to affect all of the described variables. There is
a positive relationship between heart rate and cardiac output to match the metabolic
demands of exercise (77). The primary goal of endurance training is to maximize the
amount of oxygen that can be efficiently utilized by the body. Endurance training elicits
increases in maximal oxygen consumption through significant increases in cardiac output,
and to a lesser extent, increases in A-VO2diff (77,106). In fact, endurance training produce
a range of increases in cardiac output from 5-20 L·min-1 in young males and females to 2540 L·min-1 in elite athletes (77). Moreover, as maximal heart rate is generally unaffected
by endurance training (106), a larger exercise-induced diastolic blood volume results in a
significant increase in stroke volume (77).
There are several structural and muscular adaptations that also occur from
endurance training. The heart undergoes hypertrophy which increases the heart chamber
size, accommodating the 20-50% increase in blood volume (77). Furthermore, there is an
increase in heart wall thickness in all four heart chambers, allowing for enhanced
contractility (167). With regards to skeletal muscle and in contrast to resistance training,
there is evidence that endurance training results in a preferential increase in type I muscle
fibers, significant decrease in type IIx fibers and an minimal increase of type IIa fibers
(11,81). Lastly, endurance training has been found to induce mitochondrial biogenesis
(172), increasing the mitochondrial content of skeletal muscle fibers (81) and subsequently,
the oxidative capacity for energy metabolism (11,81).
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The 30-15 IFT represents a form of aerobic training known has high intensity
interval training (HIIT). HIIT involves performing an activity in intervals with set workto-rest ratios at generally high intensities whereas endurance training is commonly
performed for long, continuous durations. A meta-analysis comparing the effects of HIIT
and continuous endurance training found that both modalities elicit improvements in
VO2max (76,105), with HIIT experiencing greater overall gains (105). Additionally, HIIT
has also been found to elicit positive adaptations to anaerobic power (67,174) and athletic
performances (67,112).

2.6

Occupational Physical Ability Test
Understanding the occupational demands of LEOs is a key component for a needs

analysis determination of the types of physical training and assessments that are
appropriate for this population (129). Although general physical fitness parameters are
typically assessed (e.g., push-up, sit-ups, etc.) these assessments typically represent the
athleticism of the recruits (66). In contrast, occupational physical ability tests (OPATs)
represent simulated scenarios that may be experienced in the field and can subsequently
evaluate a recruit’s occupational readiness (66,130). Although the legality of using OPAT
performances for hiring LEOs will not be discussed in this review, it is an important factor
which affects development and utilization of OPATs. As such, OPATs must be objective
assessments that reflect occupational physical demands observed in the line-of-duty and
use minimal nondiscriminatory standards (164).
Although there is a wide variety of OPATs utilized in the law enforcement
academies, a few specific examples will be described here. The POPAT (Police Officers
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Physical Abilities Test) has been thoroughly investigated and subsequently modified since
its creation in 1985 (130). It consists of an obstacle run, push/pull apparatus and an agility
course that represent three different commonly experienced scenarios: lift and carry,
pursuit and arrest (130). The scoring of POPAT is based on the time of completion with a
passing cut off time of 4 minutes and 15 seconds (130). One significant drawback of the
test, however, came in regards to gender differences of the cohort where only 16% of the
women and 68% of the men had successfully completed the test (130). The authors
suggested that lack of experiences with OPATs as well as a sedentary lifestyle may have
contributed to the results. A modified version of the POPAT, the Physical Abilities
Requirement Evaluation (PARE) was developed with the potential to “survive a Humans
Rights challenge” (10,148). Through an independent evaluation of the portions of the
POPAT that had an significant inverse impact on women’s performance, several portions
of the test were removed or retimed (2). Additionally, an evaluation of officers completing
the PARE test pre-training and after an 18-month training intervention found an increase
in passing rate from 60% to 93% (2). Ultimately, the PARE has been considered a
defensible physical ability test that can be used for law enforcement (2,10,164).
If an OPAT a portion of an academy training program used to hire law enforcement
personnel, it is important to make sure the physical training performed reflects ways to
improve OPAT outcomes. For example, Rhodes and Farenholtz (130) compared the
POPAT total completion times to a variety of fitness tests and graded exercise tests and
determined that 50% of the variance in POPAT completion times were explained by
maximal aerobic power and anaerobic capacity. Similarly, Stanish et al. (148) found that
77% of the variance in PARE completion time could be explained by body fat percentage
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and maximal aerobic power. Subsequently, Stanish et al. (148) also found that 79% of the
variance in PARE times in males are attributed to agility, standing long jump and a bench
press done at 70 lb whereas, 43% of the variance in women was explained by agility.
Similar investigations using OPATs created for specific law enforcement
populations have also been assessed. Beck et al. (6) evaluated the fitness characteristics
needed to successfully complete an Officer Physical Ability Test in campus law
enforcement officers.

The authors found that agility and aerobic endurance were

significantly correlated with the OPAT times while a variety of other physical fitness
parameters were associated with specific components of the OPAT (6). Furthermore,
officer age was significantly correlated to both physical fitness and OPAT completion time,
suggesting the importance of maintaining fitness across the career span (6). Dawes et al.
(43) evaluated the relationship between several physical fitness tests and a physical ability
test designed for active duty highway patrol officers. With regards to general fitness
categories, the authors found that anaerobic power, aerobic and muscular fitness were
significant predictors of OPAT performance (43). Moreover, the specific physical fitness
tests that had an impact on OPAT scores were the vertical jump, sit-up, push-up and 20 m
multistage fitness test (43).
In summary, physical ability tests are simulated job tasks that can be used to
determine law enforcement recruits’ occupational readiness (129). In developing these
tests, it is crucial that they represent an objective measurement of actual jobs tasks and
have minimal non-discriminatory standards (164). A variety of OPATs have been designed
for law enforcement, including the POPAT and PARE (2,130). It has been shown that
reasonable physical fitness is needed to pass these tests, and improving overall physical
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fitness can increase performance times (2). Furthermore, OPATs should represent a variety
of physical abilities (2,6,34,43,130,156) which could be developed through an academy
training program. Overall, implementing OPATs in basic training academies could provide
an effective, objective measure of occupational readiness in recruits. Moreover, it can be
used as a tool to evaluate and improve physical fitness training programs to better prepare
recruits for the physical demands of law enforcement.

2.7

Summary
Law enforcement represents a diverse tactical population (129) whose occupational

demands involve long periods of sedentary activity interspersed with high intensity activity
(2,125). Police academies typically incorporate physical fitness training programs to train
law enforcement cadets to be physically capable of completing critical job tasks. Currently
in the United States, there are no universal standards regarding which evaluations should
be used to determine physical preparedness, however, any test utilized for hiring or has
punitive consequences must adhere to federal legislation regarding nondiscriminatory
practices. Published literature regarding the effectiveness of a police academy training
program to improve cadet physical fitness is scarce. An investigation by Martinez and
Abel (100) evaluated the effectiveness of a 23-week police academy program and
determined that new methodologies to develop aerobic endurance, anaerobic power, and
muscular strength qualities were needed. Thus, the purpose of this literature review was
to explore several high performance methodologies that could be implemented in police
academies to enhance occupational readiness. First, APRE has been found to improve
upper body strength over a brief training period (98) in American football players, but its
applicability to law enforcement is unknown. Next, sRPE is an inexpensive, valid and
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reliable method of monitoring training loads (58–61) which could be utilized to quantify
overall training stress during the academy. Third, the 30-15 IFT is valid and reliable
method for improving a variety of athletic qualities (22) via high intensity interval training
and has been shown to improve aerobic performance (117) and reduce risk of injury in
tactical populations (115). Lastly, OPATs are designed to reflect scenarios commonly
experienced by incumbent officers (66,130) and can be utilized to evaluate a cadet's
occupational readiness for job tasks (129).
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CHAPTER 3. METHODOLOGY
3.1

Experimental Design
The purpose of this research project was to develop an evidence-based training

program, implementing innovative high-performance methodologies to improve
occupational fitness and performance outcomes in law enforcement cadets. Specifically,
there are three specific aims targeted. First, the study examined the effectiveness of
integrating APRE and HIIT to improve upper body strength, aerobic endurance and
anaerobic capacity, and occupational physical ability compared to the academy’s standard
training program. The second aim was to determine the cross-sectional relationship
between physical fitness assessment outcomes versus OPAT completion times. Finally, the
third aim was to descriptively profile sRPE outcomes during an academy training program
to monitor training load parameters and assess risk of injury in cadets.
This investigation utilized a longitudinal quasi-experimental design inclusive of a
standard care control group and a high performance training group, representing two
consecutive academy classes from a state law enforcement training academy. Group
assignment was not randomized. The 20-week Law Enforcement Academy program
consisted of a 17-week physical training period with physical fitness, occupational
performance and anthropometric assessments in both groups occurring at entrance, midpoint, and exit of the academy. Both groups collected daily sRPE for each training
modality. The control group completed an unaltered academy training program.
Alternatively, the experimental group completed a scaled HIIT program and APRE
program during the academy. Table 3.1 provides an overview of the academy’s schedule.
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Table 3.1. Law enforcement academy training program timeline.
Academy Training
Fitness
OPAT
APRE* 30-15 IFT*
week
week
assessment
1
Entrance
2
1
Familiarization
30-15 IFT
3
2
OPAT
Program 1 Program 1
4
3
5
4
6
5
7
6
8
7
9
8
30-15 IFT
10
9
Midpoint
OPAT
11
10
Program 2 Program 2
12
11
13
12
14
13
15
14
16
15
17
16
OPAT
30-15 IFT
18
17
Exit Test
19
20
*Experimental group only

3.2

Subjects
A convenience sample of 63 cadets participated in this study. Table 3.2 describes

the demographic and anthropometric outcomes for the cadets.
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Table 3.2. Subjects’ demographic and physical characteristics stratified by cohort and
sex.
n

% of
cohort

27
5
32

84.4%
15.6%
100%

27.4
26.2
27.2

±
±
±

5.4
3.1
5.1

97.4
69.1
93.0

±
±
±

17.1
10.8
19.2

181.3
166.6
179.0

±
±
±

7.5
7.7
9.2

27
4
31

87.1%
12.9%
100%

28.9
24.5
28.4

±
±
±

8.1
1.3
7.7

92.7
60.4
88.5

±
±
±

17.1
8.2
20.3

181.0
163.2
178.7

±
±
±

6.4
5.2
8.7

Age (yr)

Body mass (kg)

Height (cm)

Control
Male
Female
Total
Experimental
Male
Female
Total

3.3

Procedures

Physical Fitness Tests and Anthropometrics
Standard care practices of the academy included a fitness battery administered by
the academy training staff which consisted of five physical fitness tests: one repetition
(1RM) bench press, number of sit-ups completed in one minute, 300 m run, number of
push-ups completed in 2 min, and 1.5 mile run. The following section outlines the test
procedures administered during each of the fitness evaluations (50). Prior to the start of the
fitness assessment, subjects’ body mass were measured on a stadiometer (Healthometer
499KL, Sunbeam, Boca Raton, FL) and standing height was self-reported to the instructor.
1-RM Bench Press
Each cadet was allowed three minutes to warm-up. Each test lift was spotted by
two instructors with locking collars applied to the barbell for each set. A 7.62 cm thick
sponge was fixed to the center of a standard barbell. During the entrance exam, the cadet
utilized a load on the first set equal to or less than 55.3% of a resistance load-to-body mass
(RL/BM) ratio. During the exit exam, the threshold was increased to less than 73% for the
45

first set and equal 73% for the second set. For each lift, the cadet was positioned with
their eyes directly under the bar, both hands clasped around the bar, and feet flat on floor.
The cadet lowered the barbell until the sponge touched their chest and pressed the barbell
back to the starting position. If there was any violation of the protocol, including bouncing
the barbell off of the chest, the lift was stopped and the recruit was notified of violation.
The cadets were allowed a maximum of three minutes rest between attempts. During the
entrance exam, the cadet increased the load lifted until the participant reached ≥73%
RL/BM or failed on two consecutive attempts. During the exit exam, the test was
terminated after a failed attempt occurred. Previous research has reported high test-retest
reliability (ICC: 0.95-0.99) for this test (131,144).
Sit-up Test
The cadets were provided a 5-minute recovery period prior to performing the situp test. The sit-up test requires the cadet to perform a maximum number of repetitions in
one-minute. The cadet lied supine on the floor, with feet flat and placed approximately hip
width apart, and secured by another cadet. The cadet flexed their knees to 90 degrees and
interlaced the fingers with hands placed behind the head. When performing the sit-up
repetition, the elbows must cross the vertical plane of the knees during the upward
movement phase, the shoulder blades must touch the floor during the downward movement
phase, and the buttocks must remain in contact with the floor throughout the duration of
the repetition. The cadet was allowed to rest in the “upward” position of the repetition, but
not allowed to touch the ground or knees with their hands. The test was terminated when
the cadet stopped or time expired. The academy required a minimum of 13 and 18
completed repetitions during the entrance and exit exams, respectively. Previous research
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have found high test-retest reliability (ICC = 0.93) in similar evaluations of trunk muscular
endurance (5).
300 Meter Run
The cadets were provided a 15-minute recovery period prior to performing the 300
m run. Cadets were encouraged to stretch prior to the test. Cadets completed a 300 m run
on a 1/8th mile indoor track as fast as possible. The Academy required a maximum
completion time of 68 s during the entrance exam and 65 s during the exit exam. Previous
research have found high test-retest reliability (ICC = 0.98) in similar evaluations of
anaerobic power (165).
Push-up Test
The cadets were provided with a 15-minute recovery period prior to performing the
push-up test. Cadets performed as many push-up repetitions as possible in two minutes for
the push-up test. There is a two minute time limit during the entrance exam, however, there
is no time limit during the exit exam. The push-up position was defined as hands placed
shoulder width apart, feet placed hip width apart, and body in a plank position. The cadet
initiated the test in the upward position with the arms extended. The cadet lowered their
body until the upper arms were parallel to the ground, then returned to the start position by
extending the arms. Cadets were allowed to rest in the upward position, as long as the
elevated plank position was maintained. The repetition did not count if the protocol
instruction was violated. The academy required a minimum of 14 and 25 completed
repetitions during the entrance and exit tests, respectively. Similar push-up protocols have
higher reported reliability (ICC = 0.93-0.98) (5,111,133).
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1.5 mile Run
The cadets were provided with a 30-minute recovery period prior to performing the
push-up test. Cadets were encouraged to stretch prior to the start of the test. Cadets
completed 12 laps on a 2.41 km (.125 mi) indoor track as fast as possible. The academy
requires a minimum completion time of 17:56 and 16:15 minutes for the entrance and exit
exams, respectively. All times were converted to fractional minutes for analysis. High testretest reliability (ICC = 0.95) were reported in timed distance runs in different populations
(27).

3.4

Daily Session RPE
Session RPE has been found to have a high test-retest reliability (ICC=0.78) (79)

and valid for monitoring resistance training (44,52,79,80,122,145), aerobic training (58–
61) and combat skills training (147). Session RPE was evaluated each day (excluding
weekends) from the academy training program. At least thirty minutes after the completion
of a training session, the cadets complete an online survey (Table 3.3) to rate the perceived
intensity using the Borg CR-10 RPE Scale (114) and listed the exercise duration of
resistance training, aerobic training, defensive tactics and overall (global) workout. Cadet
submissions were populated onto a spreadsheet for analysis. Session RPE was calculated
as reported RPE intensity multiplied by exercise duration (representing training load), for
each respective training type. Raw data were cleaned by removing duplicates and cadets
who separated from the training academy prior to completion of the academy training
(Figure 4.5). Similar to existing literature (102,136), when values were partially reported,
the daily average of the value was entered. All cadet responses were averaged into single

48

daily cohort values for each respective training type and used for subsequent analysis.
Reponses rates were calculated as the number of cadets who responded divided by the total
amount of cadets in each respective group.
Table 3.3. Daily session rating of perceived exertion (sRPE) online survey form.
Rating
Descriptor

0

1

Rest

Very,
Very
Easy

How would you rate today’s workout?
Rating of Perceived Exertion
2
3
4
5
6
7
Easy

Mode
rate

Some
what
hard

Hard

Question:
PT Class*
Cadet Number *
How would you rate the resistance portion of your
workout?
Approximately how much time (in minutes) was spent
performing resistance training?
How would you rate the aerobic portion of your
workout?
Approximately how much time (in minutes) was spent
performing aerobic training?
How would you rate the defensive tactics portion of
your workout?
Approximately how much time (in minutes) was spent
performing defensive tactics?
How would you rate your entire workout today?*
Approximately how much time (in minutes) was spent
performing resistance training?*
*Required

3.5

*

Very
Hard

8

9

10

*

*

Maximal

Action:
Select class number
Select Individual PT number
Select value from 0-10
Select value from 15,30,45,60, or 75
minutes
Select value from 0-10
Select value from 15,30,45,60, or 75
minutes
Select value from 0-10
Select value from 15,30,45,60, or 75
minutes
Select value from 0-10
Select value from 15,30,45,60,75, or 90
minutes

30-15 Intermittent Fitness Test and High Intensity Interval Program
The 30-15 IFT protocol consists of a 30 s shuttle run followed by 15 s of active

recovery (24). The 30-15 IFT has a high test-retest reliability (ICC = 0.84) (21) and is a
valid measure of indices of aerobic (22,23,26) and anaerobic fitness (22). Using a
prerecorded audio file consisting of auditory tones, the cadets were required to run back
and forth between two sets of lines 28 m apart (Figure 3.1). The velocity of the first 30 s
stage was set at 8 km·hr-1 with the speed increasing 0.5 km·hr-1 for each subsequent stage.
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There was a 2 m “safe zone” placed at each of the primary lines (Figure 3.1, Lines A, B, &
C) which, in conjunction with the tones, allowed the cadets to monitor their running pace.
During the 15 s recovery period, the cadets were instructed to walk forward to the nearest
line to begin the next stage. Cadets were instructed to complete as many stages as possible.
Termination of the protocol occurred when the cadet was no longer able to maintain the
required running velocity or unable to reach the 2 meter safe zone in time with the audio
signal, three consecutive times. The velocity from the last successfully completed stage
determined the cadet’s VIFT (velocity of the Intermittent Fitness Test).

Figure 3.1. Diagram of the 28 and 40m layouts of the 30-15 Intermittent Fitness Test.
Adapted from Buchheit (2019) (25).

Table 3.4 outlines the 12-week shuttle run program completed once per week
during the training academy. The results of the entrance and midpoint 30-15 IFT were used
to program phase 1 (training weeks 3-8) and phase 2 (training weeks 10-15), respectively.
A spreadsheet was created with each cadet’s VIFT results to calculate individualized shuttle
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run distances, and thus velocities, for each shuttle intensity, and rounded to the nearest fifth
meter. Thus, the shuttle run velocities were individually set based on the fitness level of
each cadet, such that the relative intensity was similar for each cadet, but the absolute
running velocity varied. Each set of workout intervals was two minutes in duration. Upon
completion of the two minute interval, the cadet was provided with two minutes of recovery
while another cadet started their interval. Two 40 meter course layouts with cones at five
meter intervals were applied to the academy’s running track for the shuttle runs.
Table 3.4. 30-15 Intermittent fitness test and shuttle run program parameters.
Work (s)

Rest (s)

Intensity
(% VIFT)

# of
intervals

Sets

Inter-set
Recovery
duration
(min)

Total
work
duration
(min)

Total
exercise
duration
(mins)

3

20

20

90

3

4

2

4

20

20

92

3

4

2

4
4

14-16
14-16

5

15

15

95

4

4

2

4

14-16

6

15

15

98

4

4

2

4

14-16

7

10

10

101

6

3

2

3

12-14
12-14

Training
Week

Test

2

30-15

10

10

104

6

3

2

3

10

20

20

92

3

4

2

4

12-14

11

20

20

95

3

4

2

4

12-14

12

15

15

98

4

4

2

4

12-14

13

15

15

101

4

4

2

4

12-14

14

10

10

104

6

3

2

3

10-12

15

10

10

107

6

3

2

3

10-12

8
9

16

30-15

30-15

Active running distances were calculated by first converting the running speed in km·h-1
to m·s-1, and then multiplying the converted running velocity by the active running interval
time. The result is the total straight distance covered. The straight distance was then divided
by the course distance (i.e., 28 meters) to determine the number of turns to be completed.
A correctional factor was applied for the number of turns performed per repetition.
Specifically, 0.7 s was subtracted from the active running time (118). Finally, the corrected
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time was multiplied by the running velocity (m·s-1) to calculate the final active running
distance.

3.6

Autoregulatory Progressive Resistance Training
The APRE protocol was selected based on its success with American Football

players (98). The APRE protocol utilized the entrance and midpoint 1RM bench press
assessment results for subsequent programming. The APRE portion of the program only
utilized the bench press exercise to demonstrate a proof-of-concept. Specifically, the 10RM (repetition maximum), 6-RM and 3-RM APRE protocols outlined by Siff (162) (Table
3.5) were utilized for exercise programming and each of the protocols followed the same
progressive parameter scheme. The first two sets of the bench press within a training
session were performed at submaximal intensities. The third set consisted of the cadet
performing repetitions to fatigue with the specified RM load. Utilizing the table provided,
the cadet then adjusted their load for the last set based on the number of repetitions
performed in set 3. Set 4 was then completed for maximum repetitions of the new load.
Similar to set 3, the cadet utilized the table to determine the starting RM load for the next
bench press resistance training session. The cadets had a two minute rest period between
each of the work sets. Table 3.6 outlines the 14-week linear periodized APRE program for
the experimental group. When the protocol changed within the program, the final RM
workload of the last workout was used to estimate their 1-RM, which was converted to the
new protocol’s estimated RM. The “Estimating 1-RM and Training loads” ((74); p 45556) was used for RM conversions.
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Table 3.5. 3-,6-, and 10 repetition maximum (RM) autoregulatory progressive resistance
exercise protocol.
Set
0
1
2
3
4
Repetitions
Completed
1-2
3-4
5-6
7+

3RM Routine
Warm up
6 reps @ 50% of
3RM
3 reps @ 75% of
3RM
Reps to failure
@ 3RM
Adjusted reps to
failure
Weight Change
- 5 - 10lb
No change
+5 - 10lb
+10 - 20lb

Set
0

6RM Routine
Warm up
10 reps @ 50%
1
of 6RM
6 reps @ 75% of
2
6RM
Reps to failure
3
@ 6RM
Adjusted reps to
4
failure
Repetition-Load Adjustment Table
Repetitions
Weight Change
Completed
0-2
-5 - 10lb
3-4
-0 - 5lb
5-7
Leave same
8-12
+5 - 10lb

Set
0
1
2
3
4
Repetitions
Completed
4-6
7-8
9 - 11
12 - 16

10RM Routine
Warm up
12 reps @ 50%
of 10RM
10 reps @ 75%
of 10RM
Reps to failure
@ 10RM
Adjusted reps to
failure
Weight Change
-5 - 10lb
0 - 5lb
Leave same
+5 - 10lb

Table 3.6. 14-week periodized autoregulatory progressive resistance exercise (APRE)
bench press program.
Training
Protocol
Training Focus
Week
Entrance Fitness Assessment
2-4
10RM
Hypertrophy
5-6
6RM
Strength/Hypertrophy
7-8
3RM
Strength/Power
9
Midpoint Fitness Assessment
10-11
10RM
Hypertrophy
12-14
6RM
Strength/Hypertrophy
15-16
3RM
Strength/Power
Exit Fitness Assessment

3.7

Occupational Physical Ability Test
For this investigation, the experimental OPAT utilized was developed based on a

modified POPAT taken from a law enforcement agency from the southeastern United
States as well as feedback from the training staff of the training academy. Figure 3.2
represents the layout of the OPAT course on a running track. Course completion
procedures were as follows: The cadet began seated on a 0.46 m box, located 1.52 m from
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cone A. The cadet ran around cone B and returned to cone A. This was then repeated one
time for a total run distance of about 48.8 m. When the cadet approached cone A, they ran
around the left side of cone A towards cone C. At cone C, the cadet ran towards the obstacle
course. The cadet performed a 1.22 m long jump, 12.19 m from Cone C. The cadet then
scaled and descended a 1.22 m barrier. Next, the Cadet performed a 0.61 m crawl under a
barrier. Next, the cadet ran around cone D towards cone E. The cadet ran towards the left
side of cone E, straddled a 31.75 kg bag and performed 3 complete lateral rolls. The cadet
performed 10 push-ups and then performed 3 bag straddle rolls. The cadet then stood up
and ran behind cone E towards cone C. The cadet repeated the obstacle course, running
towards cone D. The cadet ran around cone D towards cone E. The cadet then made a left
turn around cone E and ran towards the step box. The cadet performed 12 step-ups on a .31
m box. For each step-up, both feet had to touch the step. The count went “one, two” step
down, step down, “three, four”, step down, step down”. Upon completion of the step-ups,
the cadet ran from point G towards cone F, 15.24 m away. The cadet then ran around cone
F towards point G. When the cadet reached point G, they completed 12 more step-ups.
Once completed the cadet moved towards the victim drag station. When the cadet touched
the mannequin, a split time representing the chase and apprehend portion of the test was
recorded. The cadet then positioned themselves behind the 41 kg mannequin equipped with
a 11 kg weighted vest (52 kg total), grabbed the mannequin by the wrist and dragged it
15.24 m (from cones H to I). Final completion time was recorded when the mannequin’s
feet passed cone I. The victim drag time was calculated as completion time minus chase
and apprehension time. All times were converted to fractional minutes for analysis.
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Figure 3.2. Schematic of occupational physical ability test.

3.8

Statistical Analysis

Data were reported as mean ± standard deviation. Normality of data was assessed using
Shapiro-Wilks tests.
Aim #1: Based on the results of an a priori power analysis (effect size (f) = 0.25,
power = 0.8, alpha = 0.05), 28 subjects were required to identify a significant interaction
effect of group on fitness and OPAT outcomes. The relative change in fitness outcomes
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across the time points was calculated relative to the baseline value: (% Difference = posttest
value – entrance value) / entrance value) x 100). 3 x 2 (time vs. group) mixed factor
repeated measures ANOVA were used to evaluate the effects of the training interventions
over time on performance outcomes in cadets. If the assumption of sphericity was
violated, the Greenhouse-Geisser adjusted values were reported. Independent t-tests were
used for post-hoc analysis to identify differences between groups at the three time points
and a Bonferroni adjustment (i.e., p ≤ 0.017) was applied to control for inflation of Type I
error. Cohen’s f effect sizes were defined as 0.1, 0.25, and 0.40 (small, medium, large,
respectively) (38). Furthermore, partial eta squared (ƞp2) effect sizes are defined as 0.01,
0.06 and 0.14 (small, medium. large, respectively) (132).
In addition to traditional statistical methods, hierarchal linear modeling (HLM)
techniques were also used. The assumption of sphericity (i.e., the assumed variance
between each repeated measure is equal) (163), must be met to utilize repeated measures
ANOVA statistics. If violated, one must use correction factors (e.g., Greenhouse Geisser)
in order to interpret the results. In contrast, HLM models do not operate under the
assumption of sphericity (124) and therefore can be utilized as an alternative method in
analyzing repeated measures data that violate sphericity, such as the data included this
study. HLM is an extension of traditional regression analysis techniques (84) where
grouped data (84,126) (i.e., multiple time points per person) are organized into a
hierarchical structure allowing variables estimated in one level to become outcome
variables in a subsequent level (126). Furthermore, it allows for simultaneous evaluation
of relationships for within and between subject factors (169). HLM is commonly employed
in health-related (84,169) research.
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Two-level HLM growth models utilizing the entire cohort were used in the current
analysis. Simple growth models were first completed for each dependent variable (i.e., 1RM bench press, sit-ups, 300 m run, push-ups, 1.5 mile run and OPAT completion time)
which served as the 1st level of their respective HLM analysis. This level provides average
value and variance information for the initial status (I.S.; representing average baseline
fitness performance) and rate of growth (RoG; representing the average change in
performance between each time point) for each variable (94). The level-two model
introduced several between-subject variables to develop more complex growth models
(94). If any of the between subject variables for I.S. and/or RoG were statistically
significant, the proportion of variance explained by the final model (R2) was calculated
(126,169). The between subject factors assessed in this investigation were: age, sex (male
vs. female), group (control vs. experimental) and specialty (non-specialty vs. specialty
group). The specialty group represents cadets whom typically undergo additional training
for the municipality they represent (i.e., Fish and Wildlife).
Additional information typically found in HLM outputs includes true parameter
variance (i.e., variance in I.S and RoG measurements adjusted for measurement and
sampling error (94)) and observed parameter variance (i.e., parameter variance plus
sampling error variance (126,127)). Furthermore, the ratio of true parameter variance and
observed parameter variance is known as the Reliability of Estimates which reflects the
level of variation found in I.S. and RoG parameters among subjects (94,127). Finally,
correlations between I.S and RoG reflect the type of growth pattern observed with
dependent variable. Two common growth patterns observed are (29) are fan-open
(increased growth over time) and fan-closed (reduced growth over time).
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Aim #2: A regression tree analysis was performed to explore the potential predictors
of OPAT performance. Furthermore, stepwise multiple linear regression analysis was
performed to determine predictors of OPAT entrance performance. Bivariate correlations
were used to determine the relationship between entrance OPAT performance times and
physical fitness assessment parameters.
Aim #3: Independent t-tests were used to compare the reported intensity, duration
and sRPE values between the groups. Global sRPE values were used to calculate training
load (weekly sum of daily training loads), training monotony (training load divided by
weekly training load standard deviation) and training strain (summed weekly training load
divided by training monotony) (104). Furthermore, a 7:21 A:C ratio (102) was calculated
using a rolling 7-day average of global sRPE values divided by a rolling 21-day average of
global sRPE. Dates of injury incidences and event classifications (physical training
assessments, defensive tactic assessments, academic tests, & officer skills tests) were
collected for each group
The following criteria were used to interpret all correlation coefficients: negligible
(r = 0 - 0.1), weak (r = 0.10 - 0.39), moderate (r = 0.40 - 0.69), strong (r = 0.70 - 0.89) and
very strong (r = 0.90 - 1.0) (137). Significance was set to p < 0.05 for all analysis unless
otherwise specified. Microsoft Excel, SPSS Software Program (version 26.0; SPSS, Inc.,
Chicago, IL) and HLM 8 for Windows (Scientific Software International, Inc, Skokie, IL)
were used to organize and analyze the data.

58

CHAPTER 4. RESULTS AND DISCUSSION
4.1
4.1.1

Results
Aim #1
Figure 4.1a-f presents the results of the physical fitness and OPAT assessments

during the academy training program. Regarding the entire cohort, there was a significant
main effect of group on push-up performance (F(2,118)=6.658, p=0.001, ƞp2=0.10, power
0.91; Figure 4.1d). Specifically, the experimental group completed more push-ups than the
control group at entrance and exit exams. Among all cadets and fitness assessments there
were main effects for time such that all physical assessments significantly improved
throughout the training program.

Specifically, there were improvements in the 1-RM

bench press (F(1.74,106.2)=47.6 p<0.001, ƞp2 =0.44, observed power =1.0; Figure 4.1a),
sit-ups completed (F(2,122)=462.6 p<0.001, ƞp2=0.51, observed power =1.0; Figure 4.1b),
300 m run time (F(2,118)=47.4 p<0.001, ƞp2=0.45, observed power =1.0; Figure 4.1c) and
1.5 mile run time (F(1.5, 86.9)=115.1 p<0.001, ƞp2=0.66, observed power=1; Figure 4.1e)
In contrast, there was a significant increase in OPAT completion time (F(1.4, 80.6)=32.1
p<0.001, ƞp2=0.36, observed power =1.0; Figure 4.1e) between the entrance and exit
assessments. Figure 4.2 presents the average relative change in performance for all
assessments between the control and experimental groups. Overall, push-ups had the
greatest average relative improvement whereas the smallest relative improvement occurred
in the OPAT. Sit-up, 300 m run, push-up, 1.5 mile run and OPAT assessments had greater
relative improvement between the first half of the training program (entrance vs. mid-point)
compared with last half (mid-point vs. exit).
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Figure 4.1a-f. Comparison of physical fitness and occupational physical ability test
(OPAT) outcomes between control and experimental groups at three time points
(entrance, mid-point, and exit) during a police academy training program.
Values represent mean ± SD.

The OPAT completion times in both groups experienced similar relative
improvement to push-ups in the first half of the training program, however, the second half
of the training program led to a regression of OPAT performance. The control group
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experienced higher relative improvements during the first half of the training program in
all assessments compared to the experimental group (p < .05). Similarly, the control group
had greater improvements in the second half of the training program in all tests except
push-ups and 1.5 mile run compared to the experimental group. Moreover, the control
group experienced an increase in their 1.5 mile run time during the second half of the
training program (p=0.163).

1,3

60.00

Improvement (%)

45.00

a,2,3

30.00
15.00

a,2,3

1,3

1,3

1,3

2,3
1,3

1,2,b
1,2

1,3

1,2,3

0.00
-15.00
Bench Press
Control Ent-Mid

Sit-up

300m Run

Control Mid-Exit

Push-ups

Experimental Ent-Mid

1.5 Mile Run

OPAT

Experimental Mid-Ext

Figure 4.2. Average relative improvement in physical fitness outcomes between control
and experimental groups.Entrance (ent), Mid-point (mid), Exit (ext). 1 Significant
difference (p<0.01) from ent-mid. 2 Significant difference (p<0.01) from mid-ext. 3
Significant difference (p<0.01) from ent-ext. a Significant difference (p<0.05) from entmid. b Significant difference (p<0.01) from ent-ext.

Table 4.1 presents the results of the HLM growth models for the physical fitness
assessments of entire cohort. For the bench press performance, real growth was observed
(p<0.001), as there was a correlation of -0.34 between initial status and RoG, suggesting a
fan-closed growth pattern. On average, the cadets increased their bench press performance
by 4.7 ± 1.5 kg during each training phase, for an average total increase of 9.4 kg during
the academy training program. There were significant differences noted in RoG (p<0.001),
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however, the differences were not explained by age, sex, group or specialty. Sex was a
factor that affected initial bench press performance (p=0.001), such that male cadets lifted,
on average, 53.8 kg more than female cadets, while holding all other variables constant.
Approximately 38.3% of the variance in baseline bench press performance can be
explained by this model.
For the sit-up performance, real growth was observed (p<0.001) as there was a
correlation of -0.74 between initial status and RoG suggesting a fan-closed growth pattern.
On average, the cadets increased their average sit-up performance by 2.8 ± 1.03 repetitions
during each training phase for an average increase of 5.6 repetitions during the academy
training program. There were no significant differences found in RoG (p=0.091). None of
the between-subject factors explained the variation in baseline bench press performance.
For the 300 m run performance, there was a correlation of -0.15 between initial
status and RoG suggesting a fan-closed growth pattern. Real growth was observed
(p<0.001). On average, the cadets decreased their 300 m performance time by 1.4 ± 1.8 s
for a total average decrease of 2.8 s during the academy training program. There were no
significant differences in RoG. Between-subject factors of sex and specialty were found
to affect initial 300 m performance such that female cadets completed the 300 m run, on
average, 6.3 s slower compared to male cadets (p<0.001) and cadets in the specialty group
completed the 300 m run, on average, 3.3 seconds faster than the non-specialty group
(p=0.036), holding all other variables constant. Approximately 21.2% of the variance in
baseline 300 m run time can be explained by the final model.
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Table 4.1. Hierarchical linear growth models for the fitness assessments of the entire
cohort.
300m Run
Push Ups
1.5 Mile run
OPAT
(s)
(reps)
(min)
(min)
Unconditional Model
HLM Results Describing Variation In Initial Fitness Performance And Rate Of Growth In Law Enforcement Cadets
Average Within-Student Model
Fixed Effects
I.S.
RoG
I.S.
RoG
I.S.
RoG
I.S.
RoG
I.S.
RoG
I.S.
RoG
Effect
92.4
4.7
38.8
2.8
53.8
-1.38
39.3
7.0
13.4
-0.75
1.96
0.05
SE
3.7
0.57
0.88
0.29
0.63
0.16
1.8
0.71
0.22
0.06
0.03
0.01
n=63

I.S.
RoG

I.S.
RoG

Bench Press
(kg)

Sit Ups
(reps)

Estimate
843.1
20.8

Estimate
49.2
5.35

Est.
826.2
10.2c

X2
3009.3
122.4

I.S.
RoG

0.98
0.49

r

-0.34

Effect
SE

Sex
Group
Specialty

Est.
42.8
1.07 ns
0.87
0.20

Observed Parameter Variance
Estimate
Estimate
25.2
196.1
1.5
26.7

X2
431.1
77.3

True Parameter Variance
Est.
X2
Est.
22.4
574.1
147.1
0.006 ns
56.02
2.4 ns
Reliability Estimates
0.89
0.004

X2
248.1
66.0

Estimate
3.1
4.1
X2
432.5
62.4

Est.
2.7
0.7 ns

0.75
0.09

Correlation Between Initial Status and Rate of Growth
-0.74
-0.15
-0.84

Estimate
0.06
0.4
Est.
0.04
0.02 ns

0.86
0.17

0.70
0.05

-0.99

-0.98

Conditional Model
HLM Results Explaining Variation Of Initial Fitness Performance Status Of Law Enforcement Cadets.
Averages Within-Student Models
46.3
4.7
59.9
-1.38
27.0
7.0
13.8
-0.75
2.1
2.9
0.6
1.5
0.15
3.1
0.7
0.24
0.06
0.06
Effect
53.8c
-

Effects of Between-Cadet Covariates on Initial Fitness Performance Status
SE
Effect
SE
Effect
SE
Effect
SE
Effect
3.8
-6.3c
1.5
12.3c
3.3
-0.81a
-3.3a
1.5
8.1a
3.4
-

Percentage Of Parameter Variance Explored (Between-Cadet Model)
r2
0.38
0.21
0.20
SE: Standard Error
I.S: Initial Status, RoG: Rate of Growth
Mean I.S. and RoG P<0.001 for all tests.
NS
Not statistically significant, a p<0.05, b p<0.01, C p<0.001

X2
214.6
61.6

0.07

SE
0.32
-

0.05
0.01

Effect
-0.13 a
-

SE
0.06
-

0.08

For the push-up test, there was a correlation of -0.84 between initial status and RoG
suggesting a fan-closed growth pattern. Real growth was observed (p<0.001). On average,
the cadets increased the number of push-ups performed by 6.9 ± 1.5 repetitions each
training phase for a total average increase of 13.8 repetitions during the academy training
program. There were no significant differences in RoG (p=0.34). Between-subject factors
of sex and specialty sub-discipline were found to affect baseline push-up performance.
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Specifically, male cadets performed, on average, 12.3 repetitions more than female cadets
(p<0.001) and cadets in the specialty group performed, on average, 8.1 repetitions more
than the non-specialty group (p=0.02), holding all other variables constant. Approximately
19.8% of the variance in baseline push-up performance was accounted for by the final
model.
For the 1.5 mile run test, there was a correlation of -0.99 between initial status and
RoG suggesting a fan-closed growth pattern. Real growth was observed (p<0.001). On
average, the cadets decreased their 1.5 mile run time by 0.75 ± 0.23 minutes during each
training phase for a total average decrease of 1.5 min during the academy training program.
There were no significant differences in RoG (p=0.463). The between-subject factor of
Group affected baseline 1.5 mile run performance such that the experimental group
completed the run, on average, 0.81 min faster than the control group (p=0.014), holding
all other variables constant. Approximately 6.5% of the variance in baseline 1.5 mile run
performance was accounted for by the final model.
For the OPAT performance, there was a correlation of -0.98 between initial status
and RoG suggesting a fan-closed growth pattern. There was real growth (p<0.001). On
average, the cadets increased their OPAT completion time by approximately 0.05 ± 0.02
minutes during each training phase, for a total average increase of 0.1 min during the
academy training program. There were no significant differences in RoG (p>0.5). Sex
was a between-subject factor that affected baseline OPAT performance (p=0.042).
Specifically, female cadets completed the OPAT 0.13 minutes slower than male cadets,
holding all other variables constant. Approximately 8.1% if the variance in baseline OPAT
performance is accounted for by the final model.
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Figures 4.3a-d present the average weekly training load (sRPE) for each mode of
training between both classes. The experimental group reported a significantly smaller
sRPE values compared to the control group for all types of training throughout the length
of the academy training program.
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Figure 4.3a-d. Average weekly training load for resistance training (RT), aerobic training (AT), defensive tactics (DT) and overall
workout (Global) between control and experimental groups.
Values represent mean ± SD. *Significant difference (p<0.05) from experiment.

4.1.2

Aim #2
Figure 4.4 presents the results of a regression tree analysis of initial OPAT

performance.

In this analysis, there were six terminal nodes that are described in

descending order from best to worst entrance OPAT performance. The cadets who
performed the best (n=14, mean 1.68 ± 0.11 mins) on the initial OPAT test had 300 m run
times less than or equal to 50.5 s. All subjects in this node were male (age = 28.8 yrs, height
= 176.9 cm, and weight = 81.3 kg). The next group (n=10, had mean initial OPAT = 1.92
± 0.1 mins) had 300 m run times greater than 57. 5 s. All subjects in this group were male
(age = 25.9 yrs, height = 182.6 cm, and weight = 87.8 kg).

OPAT Entrance Performance

n=60
Mean: 1.99 ± 0.24
100%
300m Run (s)
>53s

≤ 53s

n=24
Mean: 1.78 ± 0.15
40%

n=36
Mean: 2.14 ± 0.18
60%

300m Run (s)
≤ 50.5s

n=14
Mean: 1.68 ± 0.11
23.3%

300m Run (s)
≤ 57.5

>50.5s

>57.5

n=19
Mean: 2.1 ± 0.11
31.7%

n=10
Mean: 1.92 ± 0.09
16.7%

n=17
Mean: 2.25 ± 0.17
28.3%

Push-ups (repetitions)
≤ 30.5

n=9
Mean: 2.1 ± 0.1
15%

Push-ups (repetitions)
>30.5

n=10
Mean: 1.98 ± 0.1
16.7%

≤ 29

n=9
Mean: 2.35 ± 0.14
15%

>29

n=8
Mean: 2.14 ± 0.14
13.3%

Figure 4.4. Regression tree analysis of initial occupational physical ability test (OPAT)
performance.
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The next group (n=10, mean initial OPAT = 1.98 ± 0.1 mins) had 300 m run times
less than or equal to 57. 5 s and performed greater than 30.5 push-ups. There were 9 male
and 1 female subject in this group (mean age = 25.9 yrs, mean height = 182.6 cm, and mean
weight = 87.8 kg). The next group (n=9, mean initial OPAT = 2.1 ± 0.1 mins) had 300 m
run times less than or equal to 57. 5 s and less than or equal to 30.5 push-ups. There were
6 male and 3 female subjects in this group (mean age = 27.6 yrs, mean height = 177.2 cm,
and mean weight = 88.9 kg). The next group (n=8, mean initial OPAT = 2.14 ± 0.1 mins)
on the initial OPAT test had 300 m run times greater than 57. 5 s and greater than 30.5
push-ups. There were 6 male and 2 female subjects in this group (mean age = 27 yrs, mean
height = 179.4 cm, and mean weight = 96.3 kg). Finally, the last node represents the worst
performers (n=9, mean initial OPAT= 2.35 ± 0.14 mins), had 300 m run completion times
greater than 57.5 seconds and performed less than or equal to 29 push-ups. There were 6
male and 3 female subjects in this group (mean age = 29.6 yrs, mean height = 179.5 cm,
and mean weight = 99.4 kg).
Table 4.2 presents the results of a stepwise multiple linear regression analysis of
initial OPAT performance. The final model determining initial OPAT performance time
included the 300 m run completion time (p < 0.001), body mass (p = 0.005), 1-RM bench
press (p = 0.044) and push-ups (p = 0.058).
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Table 4.2. Stepwise multiple linear regression models predicting entrance occupational
physical ability test (OPAT) completion times with physical fitness assessments in 60 law
enforcement cadets.
A
B
C
D
NS
-0.127
0.684
0.565*
0.5*
Constant
(0.18)
(0.256)
(0.255)
(0.25)
300 m run (s)

0.39
(0.003)

Push-Ups (Repetitions)

0.28
(0.004)

0.27
(0.004)

0.027
(0.004)

-0.006
(0.001)

-0.005
(0.001)

-0.003NS
(0.002)

0.002*
(0.001)

0.004
(0.001)

Body Weight (kg)

-0.002*
(0.001)
R-squared
0.71
0.77
0.79
0.81
Adjusted R-squared
0.70
0.76
0.78
0.79
SEE
0.132
0.117
0.114
0.111
All values significant p ≤ 0.01 unless noted otherwise. NS: Not statistically
significant. *p ≤ 0.05. (standard error). 1-RM Bench press: one repetition
maximum bench press performance.
1-RM Bench Press (kg)

The equation predicting initial OPAT performance is as follows:
OPAT performance (fractional min) = 0.5+(0.027 * 300 m run (s))-(0.003 * maximum
number of completed push-ups) + (0.004 * body mass (kg))-(0.002 * 1-RM bench press
(kg))
SEE=0.1105

Table 4.3 presents average time of completion of the two scenarios represented in
the OPAT, (chase and appended and victim drag) at three time evaluation periods.
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Table 4.3. Entrance, mid-point and exit mean completion times (minutes) of the chase
and apprehend and victim drag scenario found within the occupational physical ability
test.
Entrance
Mid-point
Exit
Chase and Apprehension
Control Group
1.80 ± 0.22 1.73 ± 0.21 1.89 ± 0.20
Experimental Group
1.71 ± 0.21 1.67 ± 0.20 1.87 ± 0.21
Victim Drag
Control Group
Experimental Group

0.24 ± 0.05 0.23 ± 0.04 0.24 ± 0.05
0.24 ± 0.07 0.22 ± 0.05 0.22 ± 0.05

Table 4.4 presents the bivariate correlation analysis of initial OPAT performance,
bodyweight and fitness assessments. There were several significant correlations between
fitness assessments and OPAT time at the entrance assessment. There was a weak positive
correlation with body mass, a moderate negative correlation with sit-ups and a moderate
positive correlation with victim drag. Furthermore, there is a strong negative correlation
with push-ups, a strong positive correlation with 1.5 mile and 300 m runs and very strong
correlation with the chase and apprehend scenario
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Table 4.4. Bivariate correlation matrices of occupation physical ability test (OPAT) performance versus demographic, anthropometric
and fitness assessment outcomes in 63 law enforcement cadets.
Age
(yr)

Body
mass
(kg)

Body mass (kg)
-0.03
Height (cm)
0.12
.73**
1-RM bench press (kg)
-0.02
.67**
Sit-ups (reps)
-0.09
-0.16
300 m run (s)
-0.06
0.20
Push-ups (reps)
0.12
-0.21
1.5 mile run (min)
-0.05
.32**
OPAT (time)
0.003
.33*
Chase and apprehend (min)
0.04
.48**
Victim drag (min)
-0.14
-.44**
** Correlation is significant at the 0.01 level (2-tailed).
* Correlation is significant at the 0.05 level (2-tailed).

Height
(cm)

.47**
-0.05
-0.07
-0.06
0.07
0.11
0.23
-.42**

1-RM
bench
press
(kg)

0.23
-.25*
.39**
-0.07
-0.25
-0.10
-.67**

Sit-ups
(reps)

-.58**
.61**
-.52**
-.62**
-60**
-.34**

300 m
run
(s)

-.68**
.74**
.84**
.81**
.46**

Push-ups
(reps)

-.68**
-.76**
-.73**
-.44**

1.5 mile
run
(min)

.71**
.70**
.32*

OPAT
(min)

.97**
.52**

Chase and
apprehend
(mins)

.31*
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4.1.3

Aim #3
Figure 4.5 presents a flow chart of total individual responses for session-RPE that

were adjusted for duplicates and cadets that did not finish the academy training program.
Figure 4.6 presents the average phase training loads for each type of training between both
classes. Table 4.5 presents the average self-reported RPE and duration values for
resistance, aerobic defensive tactics and overall session trainings. Training phase 1
represents the training period between the entrance and mid-point assessments whereas
training phase 2 represents the training period between mid-point and exit assessments.

Total Individual
Responses
N=3314

Total Reponses
Experimental Group
Raw: 1320
Adjusted: 1186

Total Reponses
Control Group
Raw: 1994
Adjusted: 1726

Individual RPE Responses
Resistance RPE: 1000
Aerobic RPE: 1193
Defensive Tactics RPE: 678
Global sRPE: 1726

Individual RPE Responses
Resistance RPE: 710
Aerobic RPE: 922
Defensive Tactics RPE: 437
Global sRPE: 1186

Figure 4.5. Flowchart illustration the screening process for inclusion of session rating of
perceived exertion (sRPE) data for analysis.
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Mean Phase sRPE
700

Arbiturary units

600
500

**

400
300

*

*
*

*

*

*

200

*

100
0
Phase 1

Phase 2

RT sRPE

Phase 1

Phase 2

AT sRPE
Control

Phase 1

Phase 2

DT sRPE

Phase 1

Phase 2

Global sRPE

Experimental

Figure 4.6. Comparison of average phase training loads (session RPE; sRPE) for
resistance training (RT), aerobic training (AT), defensive tactics (DT), and overall
workout (Global) between control and experimental groups.
Values represent mean ± SD. *p < 0.001, **p < 0.01.

Table 4.6 presents the weekly average response rate percentages for each type of
training. Although there were no significant differences between groups in response rates
for aerobic training (p = 0.13) and defensive tactics (p = 0.74), the experimental group
had significantly fewer resistance training (p = 0.029) and global session (p<0.001)
responses compared to the control group.
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Table 4.5. Average self-reported resistance training (RT), aerobic training (AT), defensive tactics (DT) and session rating of perceived
exertion (RPE) and duration between the control and experimental groups during a 20 week police academy training program.
Training Phase 1
Group
Average RT RPE
Avg RT Duration (min)

48.7

N (days) reported

Average AT RPE
Avg AT Duration (min)

Experimentala

Control
7.0

±
±

0.7
8.7

4.5
34.9

38

7.0
36.1

N (days) reported

±
±

Training Phase 2

±
±

0.8
10.5

53.4

±
*

40

0.6
11.2

4.8
26.3

38

±
±

Experimentala

Control
7.3

±

1.1
11.3

4.6
43.2

*b

36

0.9
8.3

7.3
34.4

40

±
±

Overall

±

1.1

7.1

±

0.9

4.7

±

0.9

±

14.3

51.0

±

10.3

38.4

±

12.8

29

0.9
10.5

4.2*
28.2

b

37

Experimentala

Control

74

69

±

1.3

7.1

±

0.7

4.6

±

1.1

±

9.7

35.3

±

10.8

27.0

±

8.9

27

75

67

Avg DT RPE

7.8

±

1.0

5.1

±

1.3

7.6

±

1.7

4.5

±

1.3

7.7

±

1.3

4.8

±

1.3

Avg DT duration (min)

56.4

±

18.7

66.3b

±

11.9

71.7**

±

4.8

59.8b

±

22.0

62.2

±

16.7

63.2ns

±

17.6

N (days) reported

38

22

23

20

74
Avg Session RPE
Avg Session Duration (min)
N (days) reported

7.1
63.3

±
±
38

0.6
17.7

5.1
60.2

ns

±
±
40

0.7
16.9

6.9
67.7

±
±
40

0.8
12.0

4.6*
67.4

*ns

±
±
38

61

0.9
13.9

7.0
65.5

±
±

42

0.7
15.0

78

Training phase 1 represents the training period between the entrance and mid-point assessments.
Training phase 2 represents the training period between mid-point and exit assessments.
*Significant difference (p<0.05) from phase 1.
**Significant difference (p<0.001) from phase 1.
a
Significant difference (P<0.001) from control group unless otherwise noted.
b
Significant difference from control group (p>0.05).
ns
No significant difference between groups.

4.9
63.7

ns

±

0.8

±

15.9
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Table 4.6. Average weekly response percentage rates for resistance training (RT), aerobic training (AT), defensive tactics training
(DT) and overall session (sRPE) for the control and experimental groups.
Control Group
Training
Week

RT

AT

Experimental Group
DT

RTc

sRPE

ATa,c

sRPE**,b

DT

75

1

-

-

-

-

-

-

-

-

-

-

-

-

66.1

±

20.5

88.7

±

6.8

48.4

±

54.7

98.4

±

2.3

2

58.3

±

29.0

80.2

±

22.2

46.9

±

43.0

96.9

±

3.1

51.6

±

30.5

76.8

±

18.9

37.4

±

41.7

85.8

±

12.4

3

56.3

±

28.6

73.1

±

17.6

55.6

±

41.8

98.8

±

1.7

34.8

±

28.5

54.2

±

23.6

41.1

±

34.8

63.9

±

27.6

4

51.9

±

31.0

71.9

±

19.6

48.1

±

44.7

98.1

±

2.8

49.7

±

26.1

58.1

±

24.5

48.4

±

39.9

79.4

±

8.7

5

45.0

±

26.2

79.4

±

16.0

9.4

±

2.2

89.4

±

4.7

51.0

±

28.3

72.9

±

9.3

9.7

±

0.0

76.1

±

10.1

6

59.4

±

31.4

71.3

±

8.1

4.4

±

1.7

85.0

±

9.7

36.1

±

18.2

51.0

±

21.1

0.0

±

0.0

52.9

±

21.2

7

46.9

±

36.2

60.6

±

10.5

38.8

±

46.0

87.5

±

10.4

37.4

±

23.6

58.1

±

16.5

39.8

±

33.1

64.5

±

11.6

8

42.5

±

23.5

57.5

±

12.0

37.5

±

44.3

80.6

±

11.4

34.8

±

26.2

48.4

±

19.8

45.2

±

31.9

56.8

±

20.4

9

42.5

±

25.3

53.8

±

19.2

38.8

±

41.8

78.8

±

8.1

21.9

±

22.7

29.7

±

26.3

72.6

±

2.3

45.2

±

34.1

10

47.5

±

36.6

52.5

±

17.9

43.8

±

43.3

80.0

±

5.2

28.2

±

18.9

28.2

±

9.5

14.0

±

1.9

31.0

±

23.6

11

44.4

±

34.3

40.6

±

3.8

66.7

±

11.8

70.6

±

8.4

33.1

±

29.0

36.3

±

34.8

35.5

±

27.1

54.1

±

20.7

12

38.8

±

29.3

38.1

±

7.8

20.8

±

30.7

60.0

±

12.6

22.6

±

11.2

22.6

±

17.1

0.0

±

0.0

25.8

±

16.8

13

35.0

±

26.8

35.6

±

16.3

35.4

±

29.0

55.6

±

4.0

38.7

±

22.6

33.3

±

8.1

23.2

±

21.6

46.5

±

14.0

14

25.6

±

21.6

20.0

±

10.5

54.7

±

6.6

48.8

±

9.3

23.7

±

19.7

32.3

±

18.3

27.4

±

25.1

33.1

±

19.1

15

35.2

±

22.2

21.3

±

5.1

33.3

±

26.2

48.8

±

5.2

14.5

±

11.4

8.1

±

2.3

11.3

±

2.3

12.9

±

5.6

16

29.2

±

20.3

19.8

±

7.9

10.9

±

6.6

27.3

±

18.5

5.4

±

1.9

5.4

±

3.7

9.7

±

0.0

9.7

±

3.2

17

11.5

±

1.8

13.5

±

7.2

15.6

±

4.4

15.0

±

5.1

7.5

±

1.9

8.6

±

1.9

8.1

±

2.3

8.4

±

1.8

±

14.9

Average

41.9

±

26.5

49.7

±

24.8

35.0

±

26.5

70.1

±

7.5

*

32.8
a

±

20.1

44.4

±

28.7

27.7

±

18.7

**

49.7

Values reported as mean (%) ± SD. Phase 1: weeks 1-9. Phase 2: weeks 9-17. Significant difference from control group (p<0.05) at phase
1. b Significant difference from control group (p<0.001) at phase 2. c Significant difference from control group (p<0.05) at phase 2. *
Significant difference from control group (p<0.05). ** Significant difference from control group (p<0.001).

Figure 4.7a-b presents the training load, monotony, and strain for both groups during the
academy training program. Training monotony (>1.0) and strain were high in control and
experimental groups throughout the entirety of the training program (Figure 4.4a-b) . Of
note, there were high monotony values for the weeks in which injuries occurred in the
control group (week 2: 1.38, week 4: 1.43, week 9: 1.34, & week 13: 1.44) and the
experimental group (week 8: 1.42, week 14: 1.20, & week 16: 0.78).
Figures 4.8 and 4.9 represent the acute:chronic (A:C) ratio trends for the control
and experimental groups, respectively. Overall the experimental group produced lower
overall acute and chronic training loads compared to the control group. This could be
attributed to lesser RPE and duration values (Table 4.5) reported for the experimental group
in all training modes. Furthermore, the overall A:C ratios for notable activities (ie.,
injuries, academic tests, police skill tests, defensive tactics and physical fitness
assessments) ranged from 0.72-3.0 A.U. in the control group and 0.12-1.85 A.U. in the
experimental group. For injuries that occurred during the academy training program, the
control group had an A:C range of 0.87-1.59 A.U., whereas in the experimental group had
an A:C of 0.88 – 1.19 A.U. The A:C of days in which an academic test occurred were 1.11.61 and 0.4-1.16 in the control and experimental group, respectively. In the weeks which
injuries occurred, in the control group, there were greater average aerobic, resistance and
global sRPE values reported when compared to their respective training academy mean
(RT sRPE :389 A.U. vs. 367; AT sRPE: 322 A.U. vs. 270 A.U.; Global sRPE: 525 A.U.
vs. 460 A.U.)
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Figure 4.7a-b. Training load, monotony and strain for the control and experimental
groups during a 17-week police academy physical training program.
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The same trend was noted/identified in the experimental group (RT sRPE: 263 A.U.
vs. 182 A.U.; AT sRPE: 218 A.U. vs. 141 A.U; and Global sRPE: 342 A.U vs. 307 A.U.)
Officer skill tests produced an A:C range of 0.72-1.76 and 0.84-1.85, in the control and
experimental groups, respectively. Defensive tactics assessments produced an A:C range
of 0.83-2.51 and 0.52-1.08, in the control and experimental groups, respectively. Moreover,
83% and 85% (control and experimental group, respectively) of officer skill and defensive
tactics training combined produced consistently low A:C values (0.52-1.09). Physical
fitness assessments produced an A:C range of 1.1-3.0 and 0.12-1.19 in the control and
experimental groups, respectively.
Many outliers (A:C <0.52 A.U. and >1.40 A.U.) within the data set can be attributed
to insufficient data points collected to accurately calculate the A:C ratio or holiday
vacations where recording of RPE data was not completed. In the control group, these
outliers occurred during the following assessments: academic test (week 4: 1.61 A.U.),
officer skills test (week 4 1.77 A.U), defensive tactics assessment (week 17: 2.51 A.U.),
and physical fitness assessments (week 17: 2.51 and week 18: 3.0 A.U.). Lastly, in the
experimental group, these outliers occurred during the following assessments: academic
test (week 12: 0.4 A.U.), defensive tactics assessment (week 12: 0.52 A.U.) officer skills
test (week 10: 1.42 A.U. and week 12: 1.85 A.U.) and physical fitness assessment (week
9: 0.12 A.U.).
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Figure 4.8. Acute load, Chronic load, 7:21 day acute to chronic ratio and instances of notable activities (i.e., injuries, academic tests,
police skill tests, defensive tactics and physical fitness assessments) for the control group during the 17-week training academy.
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Figure 4.9. Acute load, Chronic load, 7:21 day acute to chronic ratio and instances of notable activities (i.e., injuries, academic tests,
police skill tests, defensive tactics and physical fitness assessments) for the experimental group during the 17-week training academy.

4.2
4.2.1

Discussion
Aim #1
The purpose of Aim 1 was to evaluate the effectiveness of integrating APRE and

HIIT to improve 1-RM bench press, 300 m run, 1.5 mi run, and occupational physical
ability test (OPAT) outcomes. Despite the experimental group having greater mean 1-RM
bench press performances at each evaluation point (entrance, mid-point, exit), there were
no significant differences between the groups (Figure 4.1a). Moreover, both the control
and experimental groups exhibited similar relative and absolute improvements during each
half the training program suggesting that the APRE program produced similar
improvements compared to the current academy training program, despite a decreased
training load (Figure 4.3). No attempt was made to match volume and intensity between
the control and experimental group training program because the volume and intensity of
the APRE program is set each training day based on individual performance (98).
Ultimately, this information could potentially explain the non-significant differences
between the groups.
Although the improvements observed in this study are similar to the results of Mann
et al. (98), who compared the used of APRE and linear periodized programs for increasing
bench press performance in collegiate American Football athletes, Mann and colleagues
(98) obtained these results in substantially less time (6 weeks vs. 17 weeks). A potential
reason for this result is the difference in training frequency focused on improving bench
press performance between the current investigation and Mann et al. (98) (1 vs. 3 days).
This is supported by the research of Schoenfeld et al. (138) who observed greater training
frequencies led to greater increases in bench press strength. Despite the differences
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between the Mann et al. (98) investigation, the short term increases in bench press exhibited
in this study suggest that autoregulatory progressive resistance exercise protocols could be
utilized in police academy training programs to improve bench press performance in
cadets.
Interestingly, the experimental group exhibited greater improvement in push-up
performance (Figure 4.1d) compared to the control group. The post-hoc analysis revealed
that these specific differences occurred at the entrance exam, indicating the experimental
group started the academy with greater muscular endurance, and the exit exam, which may
potentially reflect an indirect influence of the APRE bench press program. To that end,
Gottschall et al. (70) noted similarities in muscle activation patterns of the push-up and
bench press exercises for posterior deltoid, pectoralis major, latissimus dorsi, biceps
brachii, triceps brachii and erector spinae muscles. Similarly, Tillaar (157) observed similar
kinematic and muscle activation patterns between submaximal bench press exercise and
weighted pushups.

Thus, these results may suggest the interchangeability of these

exercises to influence overall upper-body muscular fitness.
Lastly, the improvements observed in both bench press and push-up performance
of the current investigation reflect similarly to previous investigations. Crawley et al. (42)
observed significant increases push-up performance but not 1-RM bench press
performance following a 16-week academy training program, suggesting the inclusion of
periodization to increase performance outcomes. Cocke et al. (37) observed significant
improvements in 1-RM bench and push-up performance in both randomized training and
linear periodization groups during a 6-month police academy training program.
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Collectively, the presented results support the use of structured training programs to
improve upper body strength and endurance performance in law enforcement cadets.
In this investigation, a 12 week periodized HIIT program was administered based
on the results of the 30-15 IFT, which was performed at entrance and midpoint in the
academy. This ensured that as cadets’ fitness increased, the individualized HIIT program
would provide appropriate stimulus for further aerobic and anaerobic adaptation. There
were no significant differences between the control and experimental group for the 300 m
run (Figure 4.1c) and 1.5 mile run (Figure 4.1e), despite the experimental group exhibiting
greater mean scores in both tests. Both groups exhibited significant increases in the 300 m
run performance in the first half of the training program as well as overall, but not during
the second half of the training program. This result mirrored a previous investigation
utilizing an academy exercise program (100). Furthermore, with regards to the 1.5 mile
run, both groups experienced similar overall improvement at the end of the training
academy. Unfortunately, objective training volume and intensity parameters were not
available from the control group, which limits the ability to make comparisons between
groups.
The current results suggest that utilizing the 30-15 IFT and subsequent
individualized HIIT program could be a viable alternative to improving anaerobic power
and aerobic endurance in law enforcement cadets. In a previous investigation by Orr et al.
(115), the authors found that a VIFT score ≤16 on the 30-15 IFT was associated with greater
levels of injury in law enforcement cadets. In the present study, 42% of experimental group
exceeded this VIFT threshold at the entrance exam and 47% at the exit exam. Despite these
results, only 9% of the total experimental population experienced injuries compared to the
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25% of the cohort in the Orr et al. (115) investigation, suggesting that further research is
needed to strengthen the predictive power of VIFT to determine injury risk in law
enforcement cadets.
These results were further supported by Orr and colleagues (117) who evaluated
the impact of a 10-week, 30-15 IFT-derived ability-based program to improve aerobic
endurance in law enforcement cadets. They found that while there was no significant
difference in aerobic endurance between groups, but there was a decreased risk of injury
observed in the intervention group (117). These results suggest a decrease risk of injury
using metabolic conditioning programs compared to traditional long, slow distance
running. Interestingly, in the current investigation, the intervention group experienced
fewer injuries compared the control group (3 vs 5, respectively) throughout the academy
training program. Although the exact running volumes performed by each group are
unknown, sRPE was recorded throughout the training academy to subjectively account for
training load.
Lastly, the effectiveness of the standard academy training program versus the
APRE/30-15IFT program to improve OPAT performance was assessed in this
investigation. There were no significant differences between groups in OPAT performance.
Individually, the groups experienced a significant improvement in OPAT completion time
(Fig. 4.1e, Fig. 4.2) between entrance and mid-point evaluation. Similar results regarding
the effectiveness of academy physical training program to improve OPAT performance
were found in a study by Rossomanno et al. (134). The authors (134) observed a significant
reduction (p < 0.01) in physical ability test completion times following a 6-month fitness
program in police officers.

Interestingly, there was a significant decrease in test
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performance 12- and 18-months after baseline measurements, attributed to poor exercise
adherence between evaluations (134). Although the current study maintained consistent
supervised training sessions through the training academy, a reduction in OPAT
performance was observed in the second half of training.

Since the OPAT was

experimental and not required for completion of the academy training program, the cadets
were instructed to complete the course with submaximal effort to prevent injury, and thus
reflected decreased OPAT performance times. Regardless, the results of the current study
as well as the investigation by Rossomanno et al. (134), promote the importance of
maintaining physical fitness to stay occupationally fit as an incumbent LEO.
Session RPE provides a subjective measure of training load (58) and can be used
to detect potential overtraining in athletes (58). Figures 4.3a-d represent the average weekly
training load (sRPE) for different modes of training (resistance, aerobic, defensive tactics,
and overall workout) for each group during the 17-week training academy. During the
training academy, the intervention group reported a significantly lower training load
compared to the control group all modes of training. When combined with the results of
the fitness evaluations, it can be inferred that the intervention group experienced similar
fitness gains compared to the control group at a lower physiological cost. Furthermore, the
lower training load may, in part, explain the reduced number of injuries sustained by the
intervention group (58). The inclusion of the APRE and 30-15 IFT may have influenced
these results as they individualize/scale daily training loads based on the fitness level of
each cadet and thus could prevent overtraining. In addition, these scaled training
methodologies reduce the risk of overtraining a lesser trained cadet and undertraining a
higher fit cadet.
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For this investigation, HLM growth models were also utilized to assess the
effectiveness of the intervention the on evaluated fitness parameters. Using HLM analysis
is not traditionally used in exercise science research, however it has been used in
educational research for over 30 years (126). Moreover, HLM is a more robust regression
analysis that has fewer assumptions compared to traditional repeated-measures ANOVA
(84) and provides relevant information on the baseline performance of the cadets as well
as the rate of growth in each of the fitness parameters. The first portion of Table 4.3
represents descriptive information of the I.S. and RoG for each of the fitness tests and the
OPAT. The I.S. findings mirror the baseline parametric statistics for each fitness outcome.
Additionally, the RoG provides the average relative change that occurs between each time
point. These results may provide insight regarding the level of fitness improvement
experienced by a particular training program. Future research may compare different
cohorts using a variety of training programs to evaluate their effectiveness.
Another important portion if the HLM results is the correlation between initial
status and rate of growth. Specifically, these results reflect the type of growth pattern
occurring over time. All of the HLM analyses yielded negative correlations suggesting a
fan-closed growth pattern (29) reflecting a smaller magnitude of improvement as cadet
fitness increased. Furthermore, at the end of the training academy, differences in
performance between the cadets have also decreased (i.e., decreased variance between
cadets in fitness parameters). The magnitude of these correlations reflects how easy it is
to detect these growth patterns within the data. Ultimately, these results reflect the principle
of diminishing returns where the rate of adaptation diminishes through chronic exercise
training (159).
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The next section of Table 4.1 reflects the results of a 2-level HLM model. The
second level introduces between-subject factors to evaluate its effects on I.S. and RoG. In
this investigation, there were no significant differences in RoG for any evaluation except
for the 1-RM bench press. This suggests that the entire cohort experienced similar RoG
regardless of factors such as sex and group (control vs experimental). Although there were
significant differences in RoG for the 1-RM bench press, thus none of the evaluated factors
(sex, group, or specialty) explained any of the variation in 1-RM bench press RoG. Future
investigations should evaluate additional between-subject factors (i.e., body mass and age)
to explain variation in the RoG.
In contrast to RoG, there were significant factors that affected the I.S. of all fitness
tests except sit-ups. Sex affected the I.S. of the bench press, 300 m run, 1.5 mi run and
OPAT, reflecting superior performances by male cadets. Bishop et al. (1987) found that
males were significantly stronger than females in bench press performance, with 97% of
the variance in muscle strength attributed to muscle size (8). Similarly, Augustsson et al.
found that women performed significantly fewer push-ups compared to males, suggesting
that they have superior muscular endurance (5). Maud and Shultz (101) found that males
produced higher absolute anaerobic capacity and power measures compared to females,
although these differences became non-significant when the measured variables were
adjusted for fat-free mass. Lastly, in a study by Rhodes and Farenholtz (130), only 16%
of the female cadets passed the OPAT due to several components of the test requiring
greater levels of upper body strength and endurance to complete in an acceptable time.
There was a significant effect of specialty (individuals with additional fitness
requirements for the law enforcement agency represented) where that cohort had superior
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300 m run and push-up results compared to the non-specialty group. This result supports
previous research suggesting that pre-academy training programs can be effective to
increase baseline fitness in cadets (42). Lastly, the provided r2 values represent the amount
of variance accounted for in the I.S. with these between-subject factors. The results of the
present study observed 7-38% of the variance of I.S. accounted for by sex, group or
specialty. Further investigation utilizing different between subject factors could further
explain variation within baseline fitness performances in cadets as well as influence future
training programming. Use of HLM growth models can be a superior method of repeated
measure analysis between groups compared to traditional ANOVA statistics. Furthermore,
future analysis in similar cohorts could provide greater insight into the effectiveness of
training programs in reaching desired outcomes.
Despite the results evaluating specific effects of the experimental training program,
each group experienced significant relative improvements in all fitness evaluations during
the academy training (Figure 4.2). Improvements in overall fitness of law enforcement
cadets as a result of a training academy physical training program has been previously
reported.

Wu et al. (171) reported significant increases in general fitness of law

enforcement cadets following a 20-week cadet training program. Cocke et al. (37)
observed overall fitness improvements utilizing two types of training programs, linear
periodization and randomized training (i.e., workout-of the-day style workouts), in police
academy cadets during a 6-month training academy. Martinez and Abel (100) reported
significant improvement in all fitness parameters following a 23-week academy training
program. Furthermore, relative fitness improvements observed in the current investigation
also reflected previous research. Crawley et al. (42) observed significant improvements in
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several fitness parameters during the first half of a 16-week police academy training
program) however, no significant improvement in the latter half with the authors citing
lack of training periodization for these results. Although the length of the physical training
program in the current study was similar to the study by Crawley et al. (1 hr·d-1, 3d·wk-1
for 17 weeks vs. 1 hr·d-1, 3d·wk-1 for 16 weeks (42), respectively), differences in training
protocols utilized would explain the differences in the results. Overall these results suggest
that APRE and 30-15IFT could be utilized as autoregulated and individualized training
methods within police academy training programs.
There were several limitations in this investigation that may have influenced the
observed results. First, the training protocols utilized in both groups were not matched for
volume or intensity. While physical training days were standard for all academy classes
(occurring three times per week for approximately 1 hour), different instructors were
responsible for training a given class and had autonomy to modify the exercise session
parameters and types. While the general goal of the physical training program for the cadets
is to prepare them to successfully pass the exit evaluations, each instructor may utilize a
variety of methodologies to reach this goal. In this investigation, we utilized the subjective
measure of training load, session RPE, in attempt to monitor training loads between the
groups. Second, the intervention programs for the experimental group occurred on the
same day with the two remaining training days dedicated to standard training practices as
dictated by the instructor.

As a result, it is impossible to determine if observed

improvements in fitness are solely a result of the experimental methodologies.
Third, the five fitness tests were evaluated on a proprietary scale developed by the
Academy, in which cadets earned points based on the performance of each test. There are
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benchmark scores that must be met at the entrance and exit exams to allow the cadets to
start and complete the training academy, respectively. Specifically, the 1-RM bench press,
sit-up, and push-up tests have cutoff points that does not necessitate the cadet to perform
maximally to obtain maximum points. Additionally, instructors may prevent cadets from
exerting maximal effort to help reduce risk of injury during the evaluations. Ultimately,
this may mean that some of the test values may underestimate true maximal performance
for each of these fitness outcomes. Lastly, we observed significant differences in push-up
performance between both groups at the entrance and exit exam but not the mid-point
assessments. A potential reason for this may be due to the mid-point assessments having
no specific benchmarks to reach (unlike the entrance and exit exams) and are simply
utilized to track cadet progress. As a result, the cadets may have displayed sub-optimal
effort when completing these assessments.
There were three hypothesis for Aim 1 of this investigation.

First, it was

hypothesized that a periodized APRE program would produce greater 1-RM bench press
strength in cadets compared to the standard academy training program. Although there
were no significant differences in 1-RM bench press strength between the groups, the
experimental group experienced similar fitness improvements with lower perceived effort.
This reflects greater efficiency of an autoregulated training program compared to the
standard academy training program, as well as reducing risk of injury during physical
training. Second, it was hypothesized that a periodized metabolic conditioning program
utilizing the 30-15 IFT and subsequent HIIT program would produce greater 300 m and
1.5 mile run performances compared to the standard academy training program. Although
similar fitness improvements in the 300 m and 1.5 mile run performances were produced
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in both groups, the results found no significant differences between experimental and
control groups. Despite these results, average training loads in the experimental group
were significantly lower than the control group, suggesting that the improvement in all
fitness parameters were achieved with less physiological cost. (2,34,75,107,129). Third,
there were no significant differences between groups in OPAT performance, however, each
group experienced similar improvements as a result of the academy training programs.
These results support the importance of consistent physical fitness training for maintaining
occupational readiness in law enforcement officers. In conclusion, APRE and 30-15
IFT/HIIT protocols could be utilized to individualize training protocols, improve
physical/occupational fitness and potentially reduce risk of injury sustained in law
enforcement cadets.
4.2.2

Aim #2
The purpose of Aim #2 was to determine the relationship between physical fitness

assessments (1-RM bench press; sit-ups, 300 m run, push-ups and 1.5 mile run) and OPAT
completion time. This relationship is important in determining the effectiveness of the
cadets’ physical training program in improving occupational readiness. A state-wide job
task analysis was previously completed to ascertain which physical assessments represent
the occupational physical demands of law enforcement and further create minimum
standards required of each cadet to successfully perform upon completion of the training
academy to become a LEO. The OPAT in this investigation reflected the physical demands
of two common scenarios found in law enforcement: chase and apprehend (i.e., suspect
pursuit and apprehension) (2,91,129,130) and victim drag
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The first statistical technique used to determine this relationship was a regression
tree analysis. A regression tree analysis is an exploratory method which splits a root node
(representing the entire cohort) into smaller nodes (parent and child nodes, respectively)
based on the greatest variation of the dependent variable that can be attributed to
explanatory (independent) variables (95). In this analysis, the entrance OPAT completion
time was the dependent variable while entrance body mass, bench press, sit-up, 300 m run,
push-up and 1.5 mile run performance scores served as the independent variables. Figure
4.4 reflects the resultant regression tree analysis. Although numerous nodes were created,
the two nodes of importance reflect the groups of cadets considered to be the highest and
lowest performing groups. Specifically, the highest performing group represented 23.3%
of the total cohort population and had the lowest mean OPAT completion times (1.68 ±
0.11 minutes). Cadets in this group completed the 300 m run in less than or equal to 50.5
s. In contrast, the worst performing group represented 15% of the total cohort population
and had the highest mean OPAT completion times (2.35 ± 0.14 minutes). Cadets in this
group had entrance 300 m run times greater than 57.5 seconds and performed less than or
equal to 29 push-ups. The results of this analysis suggest that 300 m run completion time
and push-up performance are important factors in OPAT performance. A potential
explanation for these results may be reflective of the OPAT course design. The OPAT
includes short distance runs that may reflect similar anaerobic demands produced in the
300m run, while push-ups were directly included in test. Furthermore, both of these
physical attributes were present in the chase and apprehension portion of the test, which
represents an approximately 88% of the total OPAT completion time. Additionally, both
300 m completion time and push-ups have strong correlations (Table 4.4) to OPAT
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completion time. Although these results suggest the importance of anaerobic performance
and upper-body muscular endurance in the completion of the experimental OPAT,
additional analysis was completed to further explore the relationships in this aim.
A stepwise multiple regression analysis was performed to evaluate predictors of
OPAT completion time. Although all four models presented in Table 4.2 had high rsquared values with OPAT performance, model D explained the greatest amount of
variation (r2= 0.81). Within this model and subsequent equation, there were four predictors
present (300 m run, push-ups, body mass, and 1-RM bench press) with all but push-ups
completed reaching statistical significance. These results parallel those found in previous
research. For example, Dawes et al. (43) found that approximately 69% of the variance in
Physical Ability Test performance time was attribute to push-ups, sit-ups, vertical jump
height, and 20 m multistage fitness test results. Their results support the relationship of
cardiovascular fitness, muscular endurance and anaerobic power for successful
occupational performance in highway patrol officers (43). Similarly, Stanish et al. (148)
found that, 79% of the variance in PARE (Physical Ability Requirement Evaluation)
performance time was attributed to muscular endurance, lower body power, and agility in
Royal Canadian mounted Law enforcement cadet males, whereas in females cadets, 43%
of the variance was attributed to agility alone. Discrepancy of the results between sexes
were attributed to a small, homogenous sample size and the fighting component of the
PARE may have been biased towards male stature and fitness characteristics (greater body
mass, power and strength compared to females) (148).
Frio Marins et al. (62) evaluated fitness predictors of an OPAT in federal highway
police, with and without personal protective gear. They found that without personal
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protective gear, agility accounted for 45% of the variance in OPAT completion time. In
contrast, with personal protective equipment (PPE), 81% of the variance in OPAT
completion time was associated with aerobic fitness, upper body strength and agility. The
authors suggested that the effects of PPE on officer performance should be considered
when developing training programs to enhance occupational fitness (99), a result supported
by previous literature (156). In the present study, the cadets wore standardized physical
training clothing (i.e., shorts, t-shirt and sneakers) for all training sessions and evaluations.
Future research should evaluate the effects of standard officer clothing (as a PPE condition)
on occupational performance to determine if there is a discrepancy using this OPAT.
Lastly, Pihlainen et al. (119) produced a prediction equation that explained 66% of
the variance in completion time of a military simulation test with loaded counter-movement
vertical jumps, 3000 m run, skeletal muscle mass and push-ups as the significant predictors.
The authors suggested that training specialists should incorporate lower body strength and
power exercises to improve performance in combat situations. In the current study, the
training academy did not require specific lower body strength requirements for completion
of its program and as a result the physical training program incorporates workouts focused
on directly improving performance on the standardized fitness evaluations. While there is
evidence of utilizing 300 m to evaluate both anaerobic power and aerobic fitness (108,146)
with less injury risk to older cadets (108), increased emphasis on lower body strength and
power exercises could potentially further increase physical readiness in cadets.
In the current study, 300 m run and 1.5 mile run were highly correlated, a
relationship supported by the research of Sinnett et al. (146) who also found that 300 m run
was highly correlated (r=0.79) with 10 km run suggesting that the 300 m run could be used
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to evaluate both anerobic and anaerobic performance (108). Similarly, sit-ups were found
to have a significant correlation with push-ups. Esco et al. (54) reported a similar
relationship (r = 0.65) between the variables which was suggested to be a result of similar
muscular activation patterns in both exercises. Overall, the present study results are
supported by previous research which observed a variety of demographic (age (6),
anthropometric (height (119), body composition (43,119) and fitness characteristics
(anaerobic power (43,62,119), muscular endurance (43,119), muscular strength (62) ,
aerobic fitness (43,62,119), and agility (62) are associated with OPAT completion time and
subsequently related to occupational physical performance in LEOs.
Interestingly, although significant in the regression analysis, 1-RM bench press
performance was not significantly correlated to overall OPAT performance. Moreover,
sit-up and 1.5 mile run performances were significantly correlated to OPAT completion
time, however they were not significant predictors in the multiple regression or regression
tree analysis. Evaluating the remaining correlations, specifically within each portion of the
OPAT (chase and apprehend versus victim drag) as well between the fitness variables
helped explained these relationships. Furthermore, Table 4.3 displays the completion times
for each OPAT scenario (chase and apprehend and victim drag) at for each testing period,
for each group.
As previously mentioned, the chase and apprehend portion of the OPAT accounts
for an 88% of total OPAT completion time, suggesting that performance outcomes in this
scenario significantly affects overall OPAT performance.

Strong correlations were

observed between the 300 m run and push-up performances versus the chase and
apprehension completion time, reflecting the direct inclusion of these fitness attributes
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within the simulated scenario. Furthermore, there were significant correlations between
OPAT completion time versus body mass, sit-ups and 1.5 mile run, suggesting that higher
muscular and endurance as well as more favorable bodyweight could improve occupational
fitness. Cesario et al. (34) observed similar correlations to an abbreviated version of the
chase and apprehend scenario known as the 75-yard pursuit run (75PR) where push-ups,
sit-ups and 2.4 km performances were related to 75PR completion times in law
enforcement cadets. Lockie et al. (91) also found similar significant correlations between
the apprehend portion of their Work Sample Test Battery and a variety of fitness attributes
(push-ups, sit-ups, pull-ups, 201-m run and 2.4 km run) in law enforcement cadets. While
differences between the various results are potentially the result of different assessments
utilized, understanding the physical demands required to complete occupational tasks is
important for developing effective training programs for cadets.
The victim drag had a moderate correlation to the overall OPAT reflecting the
smaller influence victim drag has on overall completion time. Additionally, victim drag
had a weak correlation with apprehend suggesting that the level of involvement of each
fitness attribute were different in each scenario. Overall, there were different fitness
attributes correlated with the victim drag compared to the apprehend scenario. Specifically,
the strongest correlate of the victim drag was the 1-RM bench press, reflecting the
importance of maximal upper body strength to complete the demands of this scenario
(lifting and dragging a weighted object). The negative correlation between body mass and
victim drag suggest that heavier cadets tended to complete this task faster. Collectively, it
could be inferred that individuals with greater body mass tend to have a higher 1-RM bench
press and subsequently faster victim drag completion time. This assertion is supported by
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Caruso et al. (33) who observed significant correlations (r = 0.78) between body mass and
maximal bench press performance in college-age men. Sit-ups, push-ups, 300 m run, and
1.5 mile run were significantly correlated with the victim drag. A review by Hauschild et
al. (75) noted similar correlates between aerobic fitness and a casualty drag scenario (r =
0.32), however, they had contrasting findings for muscular endurance (0.16-0.33)
reflecting potential differences in scenario completion requirements of various tactical
populations (i.e., Military vs. Firefighter vs. Police). Moreno et al. (107) observed
significant correlations with multiple indices of lower body power and body drag velocity
(r= 0.21-0.61), suggesting the importance of lower body power in in reducing task
completion time of the victim drag. Lower body explosive power was not assessed in the
present study. For the current study, the correlation of 300 m run and victim drag served a
similar purpose showing the importance of anaerobic power for the victim drag task.
Future academy physical training programs should incorporate lower-body strength and
power exercises to potentially further improve occupational fitness. This assertion
supported by Lockie et al. (92) who found that strength measured through the hexagonal
bar deadlift exercise was inversely associated with victim drag completion time.
Height was significantly correlated with the victim drag performance in this
investigation. In general, this relationship was likely expressed due to the increased
strength, body mass, and leverage of the taller cadets, who tended to be males. In this
cohort, male cadets were an average of 16 cm taller than females. Furthermore, they
performed the victim drag task significantly faster (p < 0.002) and possessed greater upper
body strength (p < 0.001). As a result, the taller and stronger cadets were likely able to lift
the mannequin higher off of the ground thus resulting in reduced friction between the
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mannequin and the ground, potentially increasing the ability of the cadet to complete the
victim drag task faster.
Lastly, age was not correlated to any performance outcome in the current study,
potential a result of the limited age-range observed in this cohort (i.e., homogenous sample
for age). Previous literature has found contrasting results regarding the effects of age and
OPAT completion time. Frio Marins et al. (62) found no significant relationship between
age and completion of an OPAT, regardless of PPE usage, in federal highway officers. In
contrast, Beck et al. (6) found that age was significantly correlated with total OPAT
completion time (r = 0.57) in campus law enforcement officers which may reflect the agerelated physiological decrements in physical fitness. The status of the officer (i.e., cadet
vs. incumbent) could be one possible reason for the discrepancy between results. Orr et al.
(116) observed that incumbent officers experienced significant decrease in fitness
performance compared to cadets, highlighting the need for continued structured physical
training beyond the training academy. Unfortunately, inconsistencies between subject
cohorts and methodologies in the current study and previous literature may explain much
of the variation in the results. Ultimately, it is important for each cohort (cadet and
incumbents) to participate in structured physical training programs to improve and
maintain all fitness attributes to prevent age-related decreases in occupational performance
(93).
For this investigation, it was hypothesized that the fitness evaluations utilized
within the academy training program would be significantly correlated to OPAT
completion time. The results of correlational and regression analysis have shown that,
indeed fitness attributes are associated with all or part of the OPAT. Specifically, four of
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the evaluations (sit-ups, 300 m run, push-ups and 1.5 mile run) were significantly
correlated to overall OPAT completion time, while the apprehend and victim drag
scenarios combined had significant relationships with all of the fitness test outcomes.
Moreover, the prediction equation that was developed explained 81% of the variance in
OPAT completion time was developed and composed of bodyweight, 300 m run, push-up,
and 1RM bench press. Following a cross-validation, this equation could be used to monitor
cadet progress of occupational physical ability.

These results support the training

academy’s usage of the current fitness evaluations as assessments of occupational
performances.
There are several improvements that could be implemented to enhance the academy
training program. First, previous research supports the use of lower-body strength and
power exercises to improve occupational tasks such ask the victim drag (92,107).
Additionally, incorporating PPE when performing both fitness evaluations and the OPAT
could further improve the understanding of the fitness attributes needed to successfully
perform LEO job tasks (34). Although these results support future inclusion of the OPAT
within the training academy, it should undergo a validation process. Although there are
differences in the results of the previous literature which can be attributed to the
inconsistency of fitness evaluations and occupational physical ability tests utilized, a wide
range of fitness attributes were associated with the successful completion of occupational
tasks. Utilizing an OPAT allows practitioners to better understand the fitness attributes
required for successful occupational fitness performance.
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4.2.3

Aim #3
Aim #3 of this study was to descriptively assess the utilization of session rating of

perceived exertion (sRPE) to monitor training loads and potential injury risk in cadets.
Although utilization of sRPE for monitoring training loads has been assessed in a variety
of athletic populations (9,64,71,82,83,96,97,102), there is limited published evidence of its
use in tactical populations. Previous literature has found sRPE to effective in monitoring
resistance (44,52,79,80,122,145), aerobic (58–61) and combat skills (147), all components
found within a police academy physical training program and thus providing proof-ofconcept for use in this population. In the current investigation, perceived exercise intensity
(measured using the CR-10 RPE scale) and duration of four training modes (resistance
training, aerobic training, defensive tactics & overall daily training) were collected from
the cadets via a web-based application.
In Aim 1, Figure 4.3a-d was presented to show the significant differences in training
load responses between both groups, for all four training categories. The findings from
this analysis indicates that the while the experimental group experienced similar fitness
improvements compared to control group, they did so with less (overall) perceived effort.
Specifically the sRPE was significantly lower for the experimental group for all types of
training, throughout both training periods (Figure 4.6). Interestingly, in both groups, the
defensive tactics portion of the training academy produced the highest reported training
loads, followed by resistance and aerobic training. Defensive tactics are physically
demanding (1) training sessions, which prepares cadets to defend themselves in violent
encounters and may require more effort compared to traditional resistance and aerobic
training.
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To further explore differences between groups, Table 4.5 provides a descriptive
analysis of the average reported intensity and duration parameters for each category of
training, stratified by training phase. In both training phases, the experimental group
reported significantly lower intensity and duration for aerobic, resistance and defensive
tactics training. Similarly, the experimental group reported a significantly lower global
training intensity, however, there were no differences in duration.

Thus, the lower

perceived intensity of the training modes in the experimental group produced lower
training load values. These lower perceived intensity values may indicate that the absolute
intensity of training program in the experimental group was less and / or the perception of
effort (i.e., intensity) was less, potentially due to increased fitness status (73).
The training load measurement is itself varies greatly within previous literature, a
result of different metrics utilized for assessment (i.e., session RPE vs. GPS calculated
running distances) and the physical demands of the specific sport/occupation. sRPEderived training load outcomes in the present study were lower than those reported in other
elite level athletic populations. For example, while the current investigation observed
weekly training loads between 650-2660 A.U in law enforcement cadets, Foster (58)
observed training load ranges between 2000 – 5000 A.U. in Olympic Speed Skaters,
whereas Comyns and Flanagan (40) observed average training loads between 1500-3500
A.U. in rugby athletes.
Similarly, the control group experienced higher range of training monotony
(average daily training load divided by the standard deviation of the average training load
(58,104)) compared to the experimental group (1.03-1.45 A.U. vs. 0.75-1.45 A.U,
respectively). Previous research has found that higher training monotony scores reflect
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less variation in daily training (40) and is associated with increased risk of overtraining
(58). Training strain (weekly training load multiplied by training monotony (58,104))
reflects the overall training stress an individual is exposed to over the training week (40).
While the control group had higher absolute training strain compared to the experimental
group (as a result of higher average training load responses), the magnitude of the training
strain (in relation to training load) was also greater than in the experimental group. This
suggests that the control group was at a higher risk of injury (58), and indeed the control
group sustained more injuries compared to the experimental group. Moreover, 63% of the
injuries sustained by the entire cohort occurred when cadets experienced both high training
monotony (~1.41 A.U.) and strain (~3410 A.U.). Esmaeili et al. (55) observed similar
results in elite Australian Footballers in which the athletes were at a significantly greater
risk of injury when they experienced high training monotony (>1.11 A.U.) and strain
(>3,400 A.U.). Putlur et al. (123) observed that 55% and 64% of illnesses in female college
students were attributed to sudden increases in training load and training strain,
respectively. The current study supports previous research that associated high levels of
training load, monotony and strain to higher risk of injury (104), illness (58,123) and
decreased physical performance (58,123). Alternating intensities of training days (i.e., hard
vs. easy) has been recommended to reduce both training monotony and strain, leading to a
decreased risk of overtraining (58).
The last sRPE-derived metrics evaluated for its potential use in training load
monitoring in law enforcement cadets were acute workload, chronic workload, and the
acute-to-chronic-workload ratio (ACWR). The acute workload represents the current
workload and potential fatigue (82) of the cadet, whereas the chronic workload represents
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the fitness of the individual (82). The ACWR reflects the relationship between fitness and
fatigue which has been associated with determining risk of injury (71). Although the
ACWR is commonly calculated using a 7d-28d (1:4) rolling average (71), the 7:21d (1:3)
rolling average was utilized in this study based on the results of McCall, Dupont and
Ekstrand (102) who found that both 1:3 and 1:4 workload ratios provided similar
relationships to injury risk in elite soccer players. Furthermore, shorter workload ratios
allow training load monitoring in short-term training programs such as the police academy
training program. In athletic populations, ACWR is generally assessed for injury risk
throughout various periods of a team’s macrocycle (i.e., preseason, competition, postseason). In contrast, law enforcement cadets have short-term training programs designed
to develop occupational readiness for their career. While cadets do not have to perform in
the traditional sense of an athletic competition, they do have to successfully complete a
multitude of physical assessments to become an incumbent officer.
Collectively, the observed A:C (Figures 4.8 & 4.9) for injuries incurred in the
current investigation ranged from 0.87-1.59 A.U. and furthermore, these cadets reported
higher training loads compared to phase mean. These results reflect those found in
previous research conducted in athletic populations. Hulin et al. (65,82) observed that when
an A:C >1. 5 was observed, there was a 2-4-fold increased risk of injury the subsequent
week in cricket bowlers. In contrast, when the acute workload was smaller than the chronic
work (i.e., A:C < 0.99 A.U.), there was only a 4% chance of injury (65,82). Similarly,
McCall, Dupont, and Ekstrand (102) observed an A:C of >1.42 produced the greatest
likelihood of non-contact injury in elite European football athletes when compared to A:C
0.57-0.97. Furthermore, Hulin and collogues (83) found that high chronic workloads, in
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addition to A:C ≥ 1.54, were associated with a 29% risk of injury in Australian Rugby
players, whereas a high chronic workload combined with moderate acute workloads were
associated with a lesser risk of injury. These results suggest that a well-trained athlete may
tolerate greater levels of training stress without injury (71,82). Although it is beyond the
scope of the present study, we observed a large A:C range (0.12-3.0 A.U.) during all
notable activities (i.e., academic tests, police skill tests, defensive tactics and physical
fitness assessments) in cadets, however, it does not appear as if any particular event was
associated with greater injuries.
There are several limitations affecting the calculation of the rolling averages for the
current cohort. First, chronic workload could not be assessed until the first 21 days of
training were recorded and therefore any injuries that occurred during this time period
could not be associated with specific chronic loads. Second, cadets were given 1 – 2 weeks
off for holiday breaks in which they were not required to assess their sRPE. For these dates,
the primary investigator entered “0 sRPE” values for these time periods, which
subsequently decreased both acute and chronic workload averages, and when cadets
returned to the academy, experienced sharp increases in the acute workload parameter.
While these factors may explain the outliers observed in the current investigation, it is still
important to evaluate sudden spikes in acute workload as they have been associated with
greater risk of injury (65). It has been observed that during preseason training, athletes are
at a higher risk of injury (64,102,110) suggesting a need to gradually increase exercise
intensity and volume to allow individuals to adapt to higher training loads (110). A similar
suggestion could be applied to the cadets returning from holiday break wherein the training
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intensity and volume gradually increases the subsequent week to reduce potential injury
risk.
Overall, there are several limitations regarding the use of sRPE in the present study.
First, the response rates for sRPE (Table 4.6) were inconsistent and reduced over the course
of the academy training program. When specifically evaluating the overall workout sRPE,
the control group maintained consistent responses (>55% response rate) until training week
13, whereas the experimental group had consistent results until week 8. This suggests that
a small proportion of cadets influenced overall perception of training load which may not
accurately reflect true training loads experienced by each group. In the current
investigation, for responses were partially reported, the daily average of that value was
recorded as recommended by the literature (102,136), however, if a cadet did not enter a
response on a given day, no attempt was made to rectify the missing data. Furthermore,
complete data for each individual cadet was not available and could have been helpful in
further evaluation injury risk in cadets. Although the cadets were instructed to complete
this form daily by the academy instructors, there was no direct oversight to make sure the
responses were completed. Although this is a limitation of this study, it provides insight
to difficulties of recorded sRPE within the structure of the existing training academy.
Another limitation of this study is the method of calculation used for the ACWR.
In the current study we utilized rolling averages to calculate ACWR, however Williams
and colleagues (166) have proposed the use of exponentially weighted moving averages
(EWMA) to account for the deterioration of fitness and fatigue responses over time.
Furthermore, Murray et al. (109) found that EWMA is more sensitive compared to
traditional rolling averages ACWR in detecting increased risk of injury. Future
105

investigations utilizing EWMA with the current cohort may help determine which method
is more appropriate for evaluating injury risk in law enforcement cadets.
Third, injuries were directly reported to the primary investigator by the training
instructors, however, complete details (i.e., where the injury occurred; type of injury) were
not all reported injuries, limiting further analysis of injury risk of this cohort. Fourth, the
cadets were not able to consistently complete session RPE responses within the
recommended 15-30 minutes (80) post-workout.

Specifically, 71% of total cohort

responses were recorded after 5:00 pm, potentially several hours after the training session.
While this waiting period may result in bias responses (60), previous research has shown
no significant difference in session RPE responses up to 24-hours post-exercise (36).
Finally, the current study only utilized sRPE, an internal training load measure to
subjectively assess cadet effort.

Additional objective measurements (i.e., heart rate

monitors, detailed training logs) would complement sRPE measurements (73) and allow
for a more thorough load monitoring analysis.
In summary, Aim #3 sought to evaluate the use of sRPE to monitor training loads
of cadets during a law enforcement academy training program. This study demonstrated
that sRPE provides insight into the perceived training loads of cadets during each phase of
the academy training program as well as for specific training modalities. Furthermore,
there are numerous sRPE-derived metrics that provide information regarding training load
changes and potentially information regarding risk of injury.

The load monitoring

outcomes of the present study also provides a basis for comparisons with other cadet
classes using other training regimens. Future investigations should focus on methods to
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increase subject compliance in recording measures as well as utilizing objective
measurements to validate and complement training load monitoring in cadets.
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CHAPTER 5. SUMMARY AND CONCLUSION
In summary, the purpose of Aim 1 was to evaluate the effectiveness of APRE and
HIIT to improve 1-RM bench press, 300 m run, 1.5 mi run, and OPAT outcomes compared
to a law enforcement academy’s standard physical training program. Although there were
no differences in 1-RM bench press, 300 m run and 1.5 mile run performances between the
control and experimental groups, the experimental group achieved similar fitness
improvements with lower perceived effort. This suggests that autoregulated and
individualized training methodologies such as APRE and HIIT, provide sufficient stimulus
for physical fitness adaptations at a lower internal load.
Similarly, there were no differences in OPAT performance in both groups, although
each group experienced significant improvements in OPAT completion time during the
academy. This reflects the importance of physical fitness in maintaining occupational
readiness in law enforcement officers. Although traditional ANOVA analysis was utilized
in this study, HLM growth models provided a more comprehensive analysis of the repeated
measures data. There were no significant factors affecting the rate of growth of any fitness
parameter, however, there were several factors (sex, group, and specialty) that affected the
baseline performance of these parameters. Further investigation into the efficacy of HLM
analysis to evaluate fitness training programs is warranted.
The purpose of Aim 2 was to determine the relationship between physical fitness
assessments (1-RM bench press; sit-ups, 300 m run, push-ups and 1.5 mile run) and OPAT
completion time. This investigation found that body mass, 300 m run, push-ups and 1-RM
bench press are significant predictors of OPAT performance. Moreover, it was found that
cardiorespiratory fitness, anaerobic power, muscular endurance and strength, body mass
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and height were significantly correlated to OPAT performance, supporting the findings of
existing literature (6,43,62,119). Furthermore, these results highlight the importance of
understanding that occupational readiness in law enforcement requires proficiency in a
multitude of biomotor abilities which should be developed through appropriate
complimentary training methods.
Finally, the purpose of Aim 3 was to assess the utilization of sRPE to monitor
training loads and potential injury risk in law enforcement cadets. Session RPE was found
to be a useful method of evaluating training load responses of several training modalities
such as resistance training, aerobic training and defensive tactics. Furthermore, utilization
of several sRPE-derived metrics such as training monotony, training strain and ACWRs
can provide significant insight of internal training load demands and potential risk of injury
throughout the progression of the academy training program. It is recommended that future
investigations incorporate additional measurements of external training load to further
enhance physical fitness monitoring in cadets.
In conclusion, this study demonstrated the feasibility of implementing high
performance training methodologies in a law enforcement academy training program to
enhance occupational readiness and potentially reduce the risk of injury in law enforcement
cadets. Furthermore, these inexpensive methods are highly accessible for immediate
implementation in training academies and do not require specialized equipment or
personnel for use.

109

REFERENCES
1.
2.
3.

4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.

Alver, B, Sell, K, and Deuster, P. NSCA’s Essentials of Tactical Strength and
Conditioning. Human Kinetics, 2017.
Anderson, G, Plecas, D, and Segger, T. Police officer physical ability testing–Revalidating a selection criterion. Polic An Int J Police Strateg Manag 24: 8–31,
2001.
Ardali, G. A daily adjustable progressive resistance exercise protocol and
functional training to increase quadriceps muscle strength and functional
performance in an elderly homebound patient following a total knee arthroplasty.
Physiother Theory Pract 30: 287–297, 2014.
Arvey, RD, Landon, TE, Nutting, SM, and Maxwell, SE. Development of physical
ability tests for police officers: a construct validation approach. J Appl Psychol 77:
996, 1992.
Augustsson, SR, Bersås, E, Thomas, EM, Sahlberg, M, Augustsson, J, and
Svantesson, U. Gender differences and reliability of selected physical performance
tests in young women and men. Adv Physiother 11: 64–70, 2009.
Beck, AQ, Clasey, JL, Yates, JW, Koebke, NC, Palmer, TG, and Abel, MG.
Relationship of Physical Fitness Measures vs. Occupational Physical Ability in
Campus Law Enforcement Officers. J Strength Cond Res 29: 2340–2350, 2015.
Billat, LV and Koralsztein, JP. Significance of the velocity at VO2max and time to
exhaustion at this velocity. Sports Med 22: 90–108, 1996.
Bishop, P, Cureton, K, and Collins, M. Sex difference in muscular strength in
equally-trained men and women. Ergonomics 30: 675–687, 1987.
Blanch, P and Gabbett, TJ. Has the athlete trained enough to return to play safely?
The acute:chronic workload ratio permits clinicians to quantify a player’s risk of
subsequent injury. Br J Sports Med 50: 471–475, 2016.
Bonneau, J and Brown, J. Physical ability, fitness and police work. J Clin Forensic
Med 2: 157–164, 1995.
Booth, FW and Thomason, DB. Molecular and cellular adaptation of muscle in
response to exercise: perspectives of various models. Physiol Rev 71: 541–585,
1991.
Borg, G. Physical Performance and Perceived Exertion. Stud. Psychol. Paedagog.
1–32, 1962.
Borg, G. Perceived exertion. Exerc Sport Sci Rev 2: 131–53, 1974.
Borg, G. Psychophysical bases of perceived exertion. Med Sci Sports Exerc 14:
377–81, 1982.
Borg, G. Relationships between perceived exertion, HR and HLa in cycling,
running and walking. Scand J Sport Sci 9: 69–77, 1987.
Borg, G. Psychophysical scaling with applications in physical work and the
perception of exertion. In: Scandinavian Journal of Work, Environment and
Health.1990.
Borg, G, Hassmén, P, and Lagerström, M. Perceived exertion related to heart rate
and blood lactate during arm and leg exercise. Eur J Appl Physiol Occup Physiol
56: 679–685, 1987.
Borg, G, Ljunggren, G, and Ceci, R. The increase of perceived exertion, aches and
110

19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.

30.
31.

32.
33.
34.

pain in the legs, heart rate and blood lactate during exercise on a bicycle
ergometer. Eur J Appl Physiol Occup Physiol 54: 343–349, 1985.
Bourdon, PC, Cardinale, M, Murray, A, Gastin, P, Kellmann, M, Varley, MC, et
al. Monitoring athlete training loads: Consensus statement. Int J Sports Physiol
Perform 12: 161–170, 2017.
Brooks, GA, Fahey, TD, and Baldwin, KM. Human bioenergetics and its
applications. Exerc Physiol 4th Ed Mc Graw Hill; New York 122–125, 2005.
Bruce, LM and Moule, SJ. Validity of the 30-15 intermittent fitness test in subelite
female athletes. J Strength Cond Res 31: 3077–3082, 2017.
Buchheit, M. The 30-15 Intermittent Fitness Test: Accuracy for Individualizing
Interval Training of Young Intermittent Sport Players. J Strength Cond Res 22:
365–374, 2008.
Buchheit, M. The 30-15 intermittent fitness test : 10 year review. MartinBuchheitNet 1: 1–9, 2010.
Buchheit, M. Individualizing high-intensity interval training in intermittent sport
athletes with the 30-15 Intermittent Fitness Test. NSCA Hot Top Ser [online]
Available from URL www nsca-lift org , 2011.
Buchheit, M. 30-15 IFT Protocol. 1–2, 2019.Available from: https://3015ift.com/downloads/
Buchheit, M, Al Haddad, H, Millet, GP, Lepretre, PM, Newton, M, and Ahmaidi,
S. Cardiorespiratory and cardiac autonomic responses to 30-15 intermittent fitness
test in team sport players. J Strength Cond Res 23: 93–100, 2009.
Buono, MJ, Roby, JJ, Micale, FG, Sallis, JF, and Shepard, WE. Validity and
Reliability of Predicting Maximum Oxygen Uptake via Field Tests in Children and
Adolescents. Pediatr Exerc Sci 3: 250–255, 1991.
Butterfield, TA, Leonard, TR, and Herzog, W. Differential serial sarcomere
number adaptations in knee extensor muscles of rats is contraction type dependent.
J Appl Physiol 99: 1352–1358, 2005.
Byrk, AS. Analyzing Data From Premeasure/Postmeasure Designs. In: Statistical
Methods for Comparative Studies. Anderson, S, Auquier, A, Hauck, WW, Oakes,
D, Vandaele, W, and Weisberg, HI, eds. . Hoboken, NJ, USA: John Wiley & Sons,
Inc., 1980. pp. 235–259
Calvert, TW, Banister, EW, Savage, M V., and Bach, T. A Systems Model of the
Effects of Training on Physical Performance. IEEE Trans Syst Man Cybern SMC6: 94–102, 1976.
Canino, MC, Foulis, SA, Cohen, BS, Walker, LA, Taylor, KM, Redmond, JE, et
al. Quantifying Training Load During Physically Demanding Tasks in U.S. Army
Soldiers: A Comparison of Physiological and Psychological Measurements. Mil
Med 00: 1–6, 2020.
Cannon, WB. Organization for Physiological Homeostasis. Physiol Rev 9: 399–
431, 1929.
Caruso, JF, Taylor, ST, Lutz, BM, Olson, NM, Mason, ML, Borgsmiller, JA, et al.
Anthropometry as a predictor of bench press performance done at different loads. J
Strength Cond Res 26: 2460–2467, 2012.
Cesario, K, Dulla, J, Blood Good, A, Moreno, MR, Dawes, JJ, and Lockie, RG.
Relationships between Assessments in a Physical Ability Test for Law
111

35.
36.
37.
38.
39.
40.
41.
42.
43.
44.
45.
46.
47.
48.
49.
50.
51.
52.
53.

Enforcement: Is There Redundancy in Certain Assessments? Int J Exerc Sci 11:
1063–1073, 2018.
Chiu, LZF and Barnes, JL. The Fitness-Fatigue Model revisited: implications for
planning short- and long-term training. Strength Cond J 25: 42–51, 2003.
Christen, J. The Effect Of Post-Exercise Rating On Session RPE. University of
Wisconsin-La Crosse, 2012.
Cocke, C, Dawes, J, and Orr, RM. The use of 2 conditioning programs and the
fitness characteristics of police academy cadets. J Athl Train 51: 887–896, 2016.
Cohen, J. Statistical Power Analysis for the Behavioral Sciences. 2nd ed.
Routledge, 1988.
Colmenero, MH, Vicente, GF, Ruíz, JR, Herrador-colmenero, M, Fernándezvicente, G, and Ruiz, JR. Assessment of physical fitness in military and security
forces: a systematic review. Eur J Hum Mov 3–28, 2014.
Comyns, T and Flanagan, EP. Applications of the session rating of perceived
exertion system in professional Rugby union. Strength Cond J 35: 78–85, 2013.
Čović, N, Jelešković, E, Alić, H, Rađo, I, Kafedžić, E, Sporiš, G, et al. Reliability,
Validity and Usefulness of 30–15 Intermittent Fitness Test in Female Soccer
Players. Front Physiol 7: 1–7, 2016.
Crawley, AA, Sherman, RA, Crawley, WR, and Cosio-Lima, LM. Physical Fitness
of Police Academy Cadets. J Strength Cond Res 30: 1416–1424, 2016.
Dawes, JJ, Lindsay, K, Bero, J, Elder, C, Kornhauser, C, and Holmes, R. Physical
fitness characteristics of high vs. low performers on an occupationally specific
physical agility test for patrol officers. J Strength Cond Res 31: 2808–2815, 2017.
Day, ML, McGuigan, MR, Brice, G, and Foster, C. Monitoring exercise intensity
during resistance training using the session RPE scale. J Strength Cond Res 18:
353–358, 2004.
Delattre, E, Garcin, M, Mille-Hamard, L, and Billat, V. Objective and subjective
analysis of the training content in young cyclists. Appl Physiol Nutr Metab 31:
118–125, 2006.
DeLorme, T. Restoration of muscle power by heavy-resistance exercises. J Bone Jt
Surg 27: 645–667, 1945.
DeLorme, T. Heavy resistance exercises. Arch Phys Med Rehabil 27: 607–30,
1946.
Delorme, TL and Watkins, AL. Technics of progressive resistance exercise. Arch
Phys Med Rehabil 29: 263–73, 1948.
Delorme, TL, West, FE, and Shriber, WJ. Influence of progressive resistance
exercises on knee function following femoral fractures. J Bone Joint Surg Am 32
A: 910–24, 1950.
Department of Criminal Justice Training. Physical Fitness Training Handbook.
2017.
Deschenes, MR and Kraemer, WJ. Performance and physiologic adaptations to
resistance training. Am J Phys Med Rehabil 81: S3–S16, 2002.
Egan, AD, Winchester, JB, Foster, C, and McGuigan, MR. Using Session RPE to
Monitor Different Methods of Resistance Exercise. J Sports Sci Med 5: 289–95,
2006.
Enoka, RM. Neural adaptations with chronic physical activity. J Biomech 30: 447–
112

54.
55.
56.
57.
58.
59.
60.
61.
62.

63.
64.
65.
66.
67.

68.
69.
70.
71.

455, 1997.
Esco, MR, Olson, MS, and Williford, H. Relationship of push-ups and sit-ups tests
to selected anthropometric variables and performance results: A multiple
regression study. J Strength Cond Res 22: 1862–1868, 2008.
Esmaeili, A, Hopkins, WG, Stewart, AM, Elias, GP, Lazarus, BH, and Aughey,
RJ. The individual and combined effects of multiple factors on the risk of soft
tissue non-contact injuries in elite team sport athletes. Front Physiol 9: 1–16, 2018.
Farrell, PA, Joyner, M, and Caiozzo, V. ACSM’s advanced exercise physiology.
Wolters Kluwer Health Adis (ESP), 2011.
Finer, JT, Simmons, RM, and Spudich, JA. Single myosin molecule mechanics:
piconewton forces and nanometre steps. Nature 368: 113–9, 1994.
Foster, C. Monitoring training in athletes with reference to overtraining syndrome.
Med Sci Sports Exerc 30: 1164–1168, 1998.
Foster, C, Daines, E, Hector, L, Snyder, AC, and Welsh, R. Athletic performance
in relation to training load. Wis Med J 95: 370–4, 1996.
Foster, C, Florhaug, JA, Franklin, J, Gottschall, L, Hrovatin, LA, Parker, S, et al.
A new approach to monitoring exercise training. J strength Cond Res 15: 109–15,
2001.
Foster, C, Hector, LL, Welsh, R, Schrager, M, Green, MA, and Snyder, AC.
Effects of specific versus cross-training on running performance. Eur J Appl
Physiol Occup Physiol 70: 367–372, 1995.
Frio Marins, E, Cabistany, L, Bartel, C, Dawes, JJ, and Boscolo Del Vecchio, F.
Aerobic fitness, upper-body strength and agility predict performance on an
occupational physical ability test among police officers while wearing personal
protective equipment. J Sports Med Phys Fitness 59: 1835–1844, 2019.
Fry, AC. The role of resistance exercise intensity on muscle fibre adaptations.
Sport Med 34: 663–679, 2004.
Gabbett, TJ. The development and application of an injury prediction model for
noncontact, soft-tissue injuries in elite collision sport athletes. J Strength Cond Res
24: 2593–2603, 2010.
Gabbett, TJ. The training-injury prevention paradox: Should athletes be training
smarter and harder? Br J Sports Med 50: 273–280, 2016.
Gaines, LK, Falkenberg, S, and Gambino, JA. Police physical agility testing: An
historical and legal analysis. Am J Police 12: 47, 1993.
García-Pinillos, F, Cámara-Pérez, JC, Soto-Hermoso, VM, and Latorre-Román,
PÁ. A High Intensity Interval Training (HIIT)-based running plan improves
athletic performance by improving muscle power. J Strength Cond Res 31: 146–
153, 2017.
Goldstein, DS and McEwen, B. Allostasis, homeostats, and the nature of stress.
Stress 5: 55–58, 2002.
Gomes, R V., Moreira, A, Lodo, L, Nosaka, K, Coutts, AJ, and Aoki, MS.
Monitoring training loads, stress, immune-endocrine responses and performance in
tennis players. Biol Sport 30: 173–180, 2013.
Gottschall, JS, Hastings, B, and Becker, Z. Muscle activity patterns do not differ
between push-up and bench press exercises. J Appl Biomech 34: 442–447, 2018.
Griffin, A, Kenny, IC, Comyns, TM, and Lyons, M. The association between the
113

72.
73.
74.
75.
76.
77.
78.
79.
80.
81.
82.
83.
84.
85.
86.
87.
88.

acute:chronic workload ratio and injury and its application in team sports: a
systematic review. Sport Med 50: 561–580, 2020.
Gyi, DE and Porter, JM. Musculoskeletal problems and driving in police officers.
Occup Med (Chic Ill) 48: 153–160, 1998.
Haddad, M, Stylianides, G, Djaoui, L, Dellal, A, and Chamari, K. Session-RPE
method for training load monitoring: Validity, ecological usefulness, and
influencing factors. Front Neurosci 11: 1–14, 2017.
Haff, GG and Triplett, NT. Essentials of strength training and conditioning 4th
edition. Human kinetics, 2015.
Hauschild, VD, De Groot, DW, Hall, SM, Grier, TL, Deaver, KD, Hauret, KG, et
al. Fitness tests and occupational tasks of military interest: A systematic review of
correlations. Occup Environ Med 74: 144–153, 2017.
Helgerud, J, Høydal, K, Wang, E, Karlsen, T, Berg, P, Bjerkaas, M, et al. Aerobic
high-intensity intervals improve VO2max more than moderate training. Med Sci
Sports Exerc 39: 665–71, 2007.
Hellsten, Y and Nyberg, M. Cardiovascular adaptations to exercise training.
Compr Physiol 6: 1–32, 2011.
Henneman, E and Olson, CB. Relations between structure and function in the
design of skeletal muscles. J Neurophysiol 28: 581–598, 1965.
Herman, L, Foster, C, Maher, MA, Mikat, RP, Porcari, JP, Foster, C, et al. Validity
and reliability of the session RPE method for monitoring exercise training
intensity. South African J Sport Med 18: 14–17, 2006.
Hiscock, DJ, Dawson, B, and Peeling, P. Perceived Exertion Responses to
Changing Resistance Training Programming Variables. J Strength Cond Res 29:
1564–1569, 2015.
Howald, H, Hoppeler, H, Claassen, H, Mathieu, O, and Straub, R. Influences of
endurance training on the ultrastructural composition of the different muscle fiber
types in humans. Pflügers Arch 403: 369–376, 1985.
Hulin, BT, Gabbett, TJ, Blanch, P, Chapman, P, Bailey, D, and Orchard, JW.
Spikes in acute workload are associated with increased injury risk in elite cricket
fast bowlers. Br J Sports Med 48: 708–712, 2014.
Hulin, BT, Gabbett, TJ, Lawson, DW, Caputi, P, and Sampson, JA. The acute:
Chronic workload ratio predicts injury: High chronic workload may decrease
injury risk in elite rugby league players. Br J Sports Med 50: 231–236, 2016.
Huta, V. When to Use Hierarchical Linear Modeling. Quant Methods Psychol 10:
13–28, 2014.
Ikegawa, S, Funato, K, Tsunoda, N, Kanehisa, H, Fukunaga, T, and Kawakami, Y.
Muscle force per cross-sectional area is inversely related with pennation angle in
strength trained athletes. J Strength Cond Res 22: 128–131, 2008.
Kawakami, Y, Abe, T, and Fukunaga, T. Muscle-fiber pennation angles are greater
in hypertrophied than in normal muscles. J Appl Physiol (Bethesda, Md 1985) 74:
2740, 1993.
Knight, KL. Knee rehabilitation by the daily adjustable progressive resistive
exercise technique. Am J Sports Med 7: 336–337, 1979.
Knight, KL. Quadriceps strengthening with the DAPRE technique: case studies
with neurological implications. Med Sci Sports Exerc 17: 646–50, 1985.
114

89.
90.
91.
92.
93.

94.
95.
96.
97.
98.
99.

100.
101.
102.
103.
104.
105.

Laughlin, MH. Cardiovascular response to exercise. Am J Physiol 277: S244-59,
1999.
Linnamo, V, Newton, RU, Häkkinen, K, Komi, P V., Davie, A, McGuigan, M, et
al. Neuromuscular responses to explosive and heavy resistance loading. In: Journal
of Electromyography and Kinesiology (Vol. 10).2000. pp. 417–424
Lockie, R, Dawes, J, Balfany, K, Gonzales, C, Beitzel, M, Dulla, J, et al. Physical
fitness characteristics that relate to work sample test battery performance in law
enforcement recruits. Int J Environ Res Public Health 15: 1–12, 2018.
Lockie, RG, Balfany, K, Denamur, JK, and Moreno, MR. A preliminary analysis
of relationships between a 1RM hexagonal bar load and peak power with the
tactical task of a body drag. J Hum Kinet 68: 157–166, 2019.
Lockie, RG, Dawes, JJ, Orr, RM, Stierli, M, Dulla, JM, and Orjalo, AJ. Analysis
of the effects of sex and age on upper- and lower-body power for law enforcement
agency recruits before academy training. J Strength Cond Res 32: 1968–1974,
2018.
Ma, X. Gender differences in growth in mathematical skills during secondary
grades: A growth model analysis. Alberta J Educ Res 45: 448–466, 1999.
Ma, X. Growth in mathematics achievement: analysis with classification and
regression trees. J Educ Res 99: 78–86, 2005.
Malone, S, Owen, A, Newton, M, Mendes, B, Collins, KD, and Gabbett, TJ. The
acute:chonic workload ratio in relation to injury risk in professional soccer. J Sci
Med Sport 20: 561–565, 2017.
Malone, S, Roe, M, Doran, DA, Gabbett, TJ, and Collins, K. High chronic training
loads and exposure to bouts of maximal velocity running reduce injury risk in elite
Gaelic football. J Sci Med Sport 20: 250–254, 2017.
Mann, JB, Thyfault, JP, Ivey, PA, and Sayers, SP. The Effect of Autoregulatory
Progressive Resistance Exercise vs. Linear Periodization on Strength Improvement
in College Athletes. J Strength Cond Res 24: 1718–1723, 2010.
Marins, EF, Cabistany, L, Farias, C, Dawes, J, and Del Vecchio, FB. Effects of
personal protective equipment on metabolism and performance during an
occupational physical ability test for federal highway police officers. J Strength
Cond Res 34: 1093–1102, 2020.
Martinez, Gabriel; Abel, MG. Effect of an academy training program on the fitness
outcomes of law enforcement cadets. In: National Strength and Conditioning
Association National Conference.Indianapolis, Indiana, 2018.
Maud, PJ and Shultz, BB. Gender comparisons in anaerobic power and anaerobic
capacity tests. Br J Sports Med 20: 51–54, 1986.
McCall, A, Dupont, G, and Ekstrand, J. Internal workload and non-contact injury:
A one-season study of five teams from the UEFA Elite Club Injury Study. Br J
Sports Med 52: 1517–1522, 2018.
McEwen, BS. Stress, adaptation, and disease: Allostasis and allostatic load. Ann N
Y Acad Sci 840: 33–44, 1998.
McGuigan, MR and Foster, C. A new approach to monitoring resistance training.
Strength Cond J 26: 42–47, 2004.
Milanović, Z, Sporiš, G, and Weston, M. Effectiveness of high-intensity interval
training (HIT) and continuous endurance training for VO 2max improvements: a
115

106.
107.
108.

109.

110.
111.
112.
113.
114.
115.

116.
117.
118.
119.
120.

systematic review and meta-analysis of controlled trials. Sport Med 45: 1469–
1481, 2015.
Montero, D, Diaz-Cañestro, C, and Lundby, C. Endurance Training and VO2max:
Role of Maximal Cardiac Output and Oxygen Extraction. Med Sci Sports Exerc
47: 2024–33, 2015.
Moreno, M, Dulla, J, Orr, R (Rob) M, Cesario, K, and Lockie, R. Lower-body
power and its relationship with body drag velocity in law enforcement recruits. Int
J Exerc Sci 12: 847–58, 2019.
Moreno, MR, Lockie, RG, Kornhauser, CL, Holmes, RJ, and Dawes, JJ. A
Preliminary Analysis of the Relationship between the Multistage Fitness Test and
300-m Run in Law Enforcement Officers : Implications for Fitness Assessment. Int
J Exerc Sci 11: 730–738, 2018.
Murray, NB, Gabbett, TJ, Townshend, AD, and Blanch, P. Calculating acute:
Chronic workload ratios using exponentially weighted moving averages provides a
more sensitive indicator of injury likelihood than rolling averages. Br J Sports Med
51: 749–754, 2017.
Murray, NB, Gabbett, TJ, Townshend, AD, Hulin, BT, and McLellan, CP.
Individual and combined effects of acute and chronic running loads on injury risk
in elite Australian footballers. Scand J Med Sci Sport 27: 990–998, 2017.
Negrete, RJ, Hanney, WJ, Kolber, MJ, Davies, GJ, Ansley, MK, McBride, AB, et
al. Reliability, minimal detectable change, and normative values for tests of upper
extremity function and power. J Strength Cond Res 24: 3318–3325, 2010.
Ní Chéilleachair, NJ, Harrison, AJ, and Warrington, GD. HIIT enhances endurance
performance and aerobic characteristics more than high-volume training in trained
rowers. J Sports Sci 35: 1052–1058, 2017.
Nigg, CR. Technology’s influence on physical activity and exercise science: the
present and the future. Psychol Sport Exerc 4: 57–65, 2003.
Noble, BJ, Borg, GA, Jacobs, I, Ceci, R, and Kaiser, P. A category-ratio perceived
exertion scale: relationship to blood and muscle lactates and heart rate. Med Sci
Sports Exerc 15: 523–8, 1983.
Orr, R, Stierli, M, Hinton, B, and Steele, M. The 30-15 intermittent fitness
assessment as a predictor of injury risk in police recruits. In: The Australian
Strength and Conditioning Association/Tactical Strength and Conditioning
Australia Conference.2013.
Orr, RM, Dawes, JJ, Pope, R, and Terry, J. Assessing differences in
anthropometric and fitness characteristics between police academy cadets and
incumbent officers. J Strength Cond Res 32: 2632–2641, 2018.
Orr, RM, Ford, K, and Stierli, M. Implementation of an ability-based training
program in police force recruits. J strength Cond Res 30: 2781–2787, 2016.
Peso, D. Descriptive study of 30-15IFT test at 2800 meters above sea level in
professional football players. 58–78, 2015.
Pihlainen, K, Santtila, M, Häkkinen, K, and Kyröläinen, H. Associations of
physical fitness and body composition characteristics with simulated military task
performance. J Strength Cond Res 32: 1089–1098, 2018.
Plisk, SS and Stone, MH. Periodization strategies. Strength Cond J 25: 19–37,
2003.
116

121. Prince, FP, Hikida, RS, and Hagerman, FC. Human muscle fiber types in power
lifters, distance runners and untrained subjects. Pflügers Arch 363: 19–26, 1976.
122. Pritchett, R, Green, J, Wickwire, P, and Kovacs, M. Acute and session RPE
responses during resistance training: Bouts to failure at 60% and 90% of 1RM.
South African J Sport Med 21, 2009.
123. Putlur, P, Foster, C, Miskowski, JA, Kane, MK, Burton, SE, Scheett, TP, et al.
Alteration of immune function in women collegiate soccer players and college
students. J Sport Sci Med 3: 234–243, 2004.
124. Quené, H and Van Den Bergh, H. On multi-level modeling of data from repeated
measures designs: A tutorial. Speech Commun 43: 103–121, 2004.
125. Ramey, SL, Perkhounkova, Y, Moon, M, Tseng, H-C, Wilson, A, Hein, M, et al.
Physical activity in police beyond self-report. J Occup Environ Med 56: 338–343,
2014.
126. Raudenbush, S and Bryk, AS. A hierarchical model for studying school effects.
Sociol Educ 59: 1–17, 1986.
127. Raudenbush, SW and Bryk, AS. Chapter 10: Methodological advances in
analyzing the effects of schools and classrooms on student learning. Rev Res Educ
15: 423–475, 1988.
128. Reaves, BA. State and Local Law Enforcement Training Academies, 2013. 2016.
129. Rhea, MR. Needs Analysis and Program Design for Police Officers. Strength Cond
J 37: 30–34, 2014.
130. Rhodes, EC and Farenholtz, DW. Police Officer’s Physical Abilities Test
compared to measures of physical fitness. Can J Sport Sci 17: 228–33, 1992.
131. Ribeiro, AS, Do Nascimento, MA, Salvador, EP, Gurjão, ALD, Avelar, A, RittiDias, RM, et al. Reliability of one-repetition maximum test in untrained young
adult men and women. Isokinet Exerc Sci 22: 175–182, 2014.
132. Richardson, JTE. Eta squared and partial eta squared as measures of effect size in
educational research. Educ. Res. Rev. 6: 135–147, 2011.
133. Saint Romain, B and Mahar, MT. Norm-referenced and criterion-referenced
reliability of the push-up and modified pull-up. Meas Phys Educ Exerc Sci 5: 67–
80, 2001.
134. Rossomanno, CI, Herrick, JE, Kirk, SM, and Kirk, EP. A 6-month supervised
employer-based minimal exercise program for police officers improves fitness. J
Strength Cond Res 26: 2338–2344, 2012.
135. Sale, DG. Influence of exercise and training on motor unit activation. Exerc Sport
Sci Rev 15: 95–151, 1987.
136. Sampson, JA, Murray, A, Williams, S, Halseth, T, Hanisch, J, Golden, G, et al.
Injury risk-workload associations in NCAA American college football. J Sci Med
Sport 21: 1215–1220, 2018.
137. Schober, P and Schwarte, LA. Correlation coefficients: Appropriate use and
interpretation. Anesth Analg 126: 1763–1768, 2018.
138. Schoenfeld, BJ, Ratamess, NA, Peterson, MD, Contreras, B, and Tiryaki-Sonmez,
G. Influence of resistance training frequency on muscular adaptations in welltrained men. J Strength Cond Res 29: 1821–1829, 2015.
139. Scott, BR, Hodson, JA, Govus, AD, and Dascombe, BJ. The 30-15 Intermittent
Fitness Test: Can it predict outcomes in field tests of anaerobic performance? J
117

140.
141.
142.
143.
144.
145.
146.
147.
148.
149.
150.
151.
152.
153.
154.
155.
156.
157.

strength Cond Res 31: 2825–2831, 2017.
Scott, TJ, Delaney, JA, Duthie, GM, Sanctuary, CE, Ballard, DA, Hickmans, JA,
et al. Reliability and usefulness of the 30-15 intermittent fitness test in rugby
league. J strength Cond Res 29: 1985–90, 2015.
Selye, H. A syndrome produced by diverse nocuous agents [13]. Nature. 138: 32,
1936.
Selye, H, Hans, S, and Selye, H. Stress and the general adaptation syndrome. Br
Med J 1: 1383–1392, 1950.
Semmler, JG. Motor unit synchronization and neuromuscular performance. Exerc
Sport Sci Rev 30: 8–14, 2002.
Seo, D Il, Kim, E, Fahs, CA, Rossow, L, Young, K, Ferguson, SL, et al. Reliability
of the one-repetition maximum test based on muscle group and gender. J Sport Sci
Med 11: 221–225, 2012.
Singh, F, Foster, C, Tod, D, and McGuigan, MR. Monitoring different types of
resistance training using session rating of perceived exertion. Int J Sports Physiol
Perform 2: 34–45, 2007.
Sinnett, AM, Berg, K, Latin, RW, and Noble, JM. The relationship between field
tests of anaerobic power and 10-km run performance. J Strength Cond Res 15:
405–412, 2001.
Slimani, M, Davis, P, Franchini, E, and Moalla, W. Rating of perceived exertion
for quantification of training and combat loads during combat sport-specific
activities: A short review. J. Strength Cond. Res. 31: 2889–2902, 2017.
Stanish, HI, Wood, TM, and Campagna, P. Prediction of performance on the
RCMP physical Ability Requirement Evaluation. J Occup Environ Med 41: 669–
677, 1999.
Staron, RS, Malicky, ES, Leonardi, MJ, Falkel, JE, Hagerman, FC, and Dudley,
GA. Muscle hypertrophy and fast fiber type conversions in heavy resistancetrained women. Eur J Appl Physiol Occup Physiol 60: 71–79, 1990.
Sterling, P. Allostasis: a new paradigm to explain arousal pathology. New York:
John Wiley & Sons, 1988.
Stevens, JC and Mack, JD. Scales of apparent force. J Exp Psychol 58: 405, 1959.
Svendsen, IS, Taylor, IM, Tønnessen, E, Bahr, R, and Gleeson, M. Trainingrelated and competition-related risk factors for respiratory tract and gastrointestinal
infections in elite cross-country skiers. Br J Sports Med 50: 809–815, 2016.
Sweet, TW, Foster, C, McGuigan, MR, and Brice, G. Quantitation of resistance
training using the session rating of perceived exertion method. J Strength Cond
Res 18: 796–802, 2004.
The Cooper Institute. Physical Fitness Assessments. Cooper Inst. Available from:
https://www.tucsonaz.gov/files/police/CooperStandards.pdf
Thomas, C, Dos’Santos, T, Jones, PA, and Comfort, P. Reliability of the 30-15
intermittent fitness test in semiprofessional soccer players. Int J Sports Physiol
Perform 11: 172–175, 2016.
Thomas, M, Pohl, MB, Shapiro, R, Keeler, J, and Abel, MG. Effect of load
carriage on tactical performance in special weapons and tactics operators. J
Strength Cond Res 32: 554–564, 2018.
Tillaar, R van den. Comparison of kinematics and muscle activation between push118

158.
159.
160.
161.

162.
163.
164.
165.
166.
167.
168.
169.
170.
171.
172.
173.
174.

up and bench press. Sport Med Int Open 03: E74–E81, 2019.
Todd, JS, Shurley, JP, and Todd, TC. Thomas L. DeLorme and the science of
progressive resistance exercise. J Strength Cond Res 26: 2913–2923, 2012.
Turner, A. The science and practice of periodization: A brief review. Strength
Cond J 33: 34–46, 2011.
Valladares-Rodríguez, S, Rey, E, Mecías-Calvo, M, Barcala-Furelos, R, and
Bores-Cerezal, AJ. Reliability and usefulness of the 30-15 intermittent fitness test
in male and female professional futsal players. J Hum Kinet 60: 191–198, 2017.
Vantarakis, A, Chatzinikolaou, A, Avloniti, A, Vezos, N, Douroudos, II,
Draganidis, D, et al. A 2-month linear periodized resistance exercise training
improved musculoskeletal fitness and specific conditioning of navy cadets. J
Strength Cond Res 31: 1362–1370, 2017.
Verkhoshansky, Y and Siff, MC. Supertraining. Verkhoshansky SSTM, 2009.
Vincent, WJ and Weir, JP. Analysis of variance with repeated measures. In:
Statistics in Kinesiology.Human Kinetics, 2012. p. 378
Warr, BJ, Gagnon, P, Scofield, DE, and Jaenen, S. Testing and evaluation of
tactical populations. In: NSCA’s Essentials of Tactical Strength and Conditioning.
Alver, BA, Sell, K, and Deuster, PA, eds. . Human Kinetics, 2017. pp. 135–156
White, K, DeBeliso, M, Sevene, T, and Adams, K. The reliability of the 300-yard
shuttle run in high school girls basketball players. J Sport Sci 3: 214–218, 2015.
Williams, S, West, S, Cross, MJ, and Stokes, KA. Better way to determine the
acute: Chronic workload ratio? Br J Sports Med 51: 209–210, 2017.
Wilson, MG, Ellison, GM, and Cable, NT. Basic science behind the cardiovascular
benefits of exercise. Br J Sport Med 50: 93–99, 2016.
Wisdom, KM, Delp, SL, and Kuhl, E. Use it or lose it: multiscale skeletal muscle
adaptation to mechanical stimuli. Biomech Model Mechanobiol 14: 195–215,
2015.
Woltman, H, Feldstain, A, MacKay, JC, and Rocchi, M. An introduction to
hierarchical linear modeling. Tutor Quant Methods Psychol 8: 52–69, 2012.
Worrell, TW, Borchert, B, Erner, K, Fritz, J, and Leerar, P. Effect of a lateral stepup exercise protocol on quadriceps and lower extremity performance. J Orthop
Sport Phys Ther 18: 646–653, 1993.
Wu, YN, Hallbourg, KW, and Collins, SM. Changes of general fitness and muscle
properties following police cadet training. J Phys Ther Sci 27: 2783–2786, 2015.
Yan, Z. Exercise, PGC-1α, and metabolic adaptation in skeletal muscle. Appl
Physiol Nutr Metab 34: 424–427, 2009.
Zatsiorsky, VM and Kraemer, WJ. Science and practice of strength training.
Human Kinetics, 2006.
Ziemann, E, Grzywacz, T, Luszczyk, M, Laskowski, R, Olek, RA, and Gibson,
AL. Aerobic and anaerobic changes with high-intensity interval training in active
college-aged men. J Strength Cond Res 25: 1104–1112, 2011.

119

VITA
Gabriel Jose Martinez
Place of Birth: Far Rockaway, New York
Education
Master of Science Degree, Exercise Science and Cardiac Rehabilitation
Brooklyn College, City University of New York

2013

Bachelor of Science Degree, Physical Education: Exercise Science
Brooklyn College, City University of New York

2010

Associate in Arts Degree, Liberal Arts with Honors
Borough of Manhattan Community College, City University of New York

2008

120

